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SY¥OPSIS 


Rare Earth - Cobalt intemetallic conpounds represent 
a new class of naterials with excellent pernanent nagnet 
properties. But, the hi^ raw na,terial costs restrict the 
application of these nagnets to linited fields. The use of 
relatively cheap raw materials, nischnetal and iron to replace 
the individual rajre eanrfch elements and part of cobalt is very, 
helpful from an economic point of view if a compromise with the 
magnetic properties can be made. With these points in view, 
a study nf the MM— Co— Ee system has been taken up in the present 
investigation. 

To establish the different phases that exist in the 
MM-Co-Eg system, the phase equilibria work was carried out. 
Alloys of different compositions were melted, under purified 

argon atmosphere, in a non-consumable tungsten electrode water- 
cooled copper hearth arc melting fuinace. A gas purification 
system was fabricated and used for purifsTing the argon gas. 

The as cast alloys were sealed in evacuated quartz tubes 

rz 

( 20X10” mm Eg) and annealed at 900°C for 4 days. The annealed 
alloys were used for metallographic and x-ray diffraction 



analysis, Nital etching reagent was found to he suitable for 
revealing the micro structures of most of the alloys, A 
diffractometer and a Dehye-Scherrer Camera were used for 
obtaining the x-ray diffra,ction patterns of the RE-Co-I'e alloys. 
Besides the tsrpe phase, two new phases, A phase and 

S phase, were found to exist in the investigated portion of 
the HE-Co-I'o system. The phase was found to deviate from 

the hsrpothetical -^2^7 line. The A phase was 

found to extend along the sane direction as the -^2^7 
The S phase was found to extend parallel to the quasi-binary 

^ ^ phases appeared to have stiuctures. 

similar to that of the RE20o^,^ phase. The lattice parameters of 
the A phase alloys were found to be insensitive to the change 
in Pe content whereas these of the S phase were found to 

increase with Fe content. These lattice parameter variations 

could not be explained on the basis of the available data. 

In order to get a fi2?st hand information of favourable 

magnetic characteristics of the RE-Co-Fe alloys, the Ouiae 

temperatures and the easy axis of magnetization were determined 

for a few important alloy compositions. The Curie temperatures 

(T ) were determined by the induction method. The T^ values 
c 

of different phases appear to vary smoothly with Fe content. 
Among the investigated alloys, the Curie temperatures of the 



S phase alloys axe the highest and those of the A phase alloys 
are the lowest. The easy axis of nagnetization of the S phase 
was determined in the sane way as the fibre aocLs detemination. 
Magnetically aligned needles were prepared from powdered alloys 
and the x-ray pattern was obtained using a Weissenberg Canera, 
Etching of the alloy powder was found to produce good streaky 
pattern as expected fron a well aligned specimen. The na.gnetic 
easy axis for the S phase was found to be along the c-axis. 

On the basis of the available data, the S phase appears to bo 
the most promising for permanent magnet development, 

Eor determining the melting points of the SE-Co-Ee 
alloys, an already available s^rsten was converted to a thermal 

analysis apparatus. Since a heater element of suitable gauge 

was not available, a two-layer furnace with a room temperature 
resistance of about 5 ohms was fabricated using available Mo wire 
The furnace assembly was calibrate using standard samples of 
known melting points. Attempts to carry out thermal analysis 
of the EE-Co-Fe alloys were not successful beca-use the furnace 
failed during thermal analysis of EE-Oo-Fe alloys. However, 
several important observations regarding the operation .of the 
apparatus and the melting points of the RECo^ and iiE2Go^fy phases • 
have been maE.e, The melting points of the ternary -^2^17 "^3^® 
phase near the HE-Co binary phase appears to be a.bove 1400°C, 
well above that of the binary compound. The melting point of 
the EEGo^ type phase appears to be below 1250°G, 
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GH£Pl=3:i I 


ISTPX'DUGTICi 


-cr-j^nsts pl.-j.y sr. in’oortant ejid. esBcr 
ppjT't ’■ic'-tiy de''/iceo wbo/’s su.~. eXod'jT'OiifVpie'fc caiiiio'b l>c 
Materials f r/^ those iii::.,;:ncts h.r.vs coen developed froF? ti-ie > 
carbor. clarov.-axiFi steels to alrJ.cos in tnc presor-.t century (l), 
Bui, noi-e rcce':.tly, aaotiier new clr.ss of ■. 2 i'.;;'n-sts based on 
rare ear tli— transition 'aetal compounds, ui-jh outstandin;.; 
psmianont nf’.'^iet properties, ?’'5i've corae into existence, il© 
se-jUcnce of events wticli led to t o.o development ox rh-sse 
nf;.teriu'.ls for permaXient m.:. nor amplications cam be listed 
as follomsj the discovery, in 1935 hy U/rbain, ¥eiss exm 
Trombe (2), of the f ei*rori?:,^;notis"^ of tlie report on u.uo 
saturation nai^aotization of Sd-S^e end Gc-Oo alloys i?x 195>- 

by UeSljitt et al, C3), the notable i/orh ox Hubbaro., Aaaxis 

and Gllfricli in i960 on o psnxanent nagnst .^rop^ties of 
GdCo^ alloy (4), and the discevez-y of an extremely iiigh 
magneto ciPystallinc anisotropy for YGo^ in 1966 by lioff or ana 
Stmat (5), fho sioxr propross in tads field upto 1966 car 
be traced to th.© uxaavail.el>ilit ,7 of pure rare eorth metalf‘ 
in the earl.y periods, tlieir iiijn costs, tne laCiv ox unoer— 
standinp; of tlxe parsixetors that influence tne magnetic px'opsrci 
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aiid nou recogid-zinj: G4Cc^ n,3 one of & fanily of ccjipoui'-ds, 

Tho diecovory of Hoffer 2 .nd Str'.ict, liouevej^f i-.'r.s foilo'.ycd by 
extensive studios to detemir.o tlie peum-nnent Eis.-;net prop or ties 
of tfe fa;.tily of rare corth-traiisition netad compounds, 

lieso cor-iipounds, particular3.y tiis ll.^dit rare oartli (at nos. 


57 — 63 ) - cobrO.t compounds, are reported to have rc-'anent 

ma^gneuization aic) coorcivity, 2i.e v’sefui ma/netic properties 
of SmCo^ and (St'I, Pi*) Go^ 0110370 ai’s com^^ared uitti. those of 
the conventional pemanent nagnetic matezlcls in ‘fable 1*1, 

Host of toda 3 rs rare earth- trLuioi uion metal pcrmcrnent 
na.pncto are based on S;.'iOo^. fhis is bscau.se of the fact 
that SrCo^ m.apnets 7v X iiii excellent najpietic properties esn be 
fabricated relativoT.y Gasii37, Hovertheless it has become 
incrcasin;:3.y apoc'arent that not a3..1 the properties of a poma- 
nont napnet are co’uai.ly inportent in a ;d.ven application, 

Por Gxamp?. e, in applications ith ot rclativsi.y nerrou aJ,.r gap 
ijlisre the L'ia,.nGt operates a,t a Iii.:;_;h i,oad liiic — 3/p^H ( 3.ike 
in motors and genore-tors) , an extrenoijr resistance to 

dcnaisnctization is not necessary. As a, result, in such 
applications, the potential of the S:nCo^ me piets is not cenp- 

letsl37 utilized. Also, the rei.rtivcly hir\i price of saimrium 


restricts the epplica.tion of SiaCo^ jaajnete to fiolos tfhoro 
the coots arc dete^Tminsd by production procc-sses rather thDii 
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bj?" u’loso of th.e rs.w xho i^’ider Bcopo of o'ls ao''";!!— 

Caption of rare oatxtli-cobrij.-G na;;r'i.cts requires i’lo material 
costs tc be lo'.'.‘orod r-.ex.’' t-. oos of ,aa,:: 3 iets uitli Sjecific 

a-prlicc'-tion - oriented proeertioo arc developed* Ka-vacts 
of so'.iewb. t imferior T^ie/^ctic cuoiities then, tiie bv.r.Go^ mamete 
nry time be useful for V'.ariv'jus r,;r:licetions. The ro,re Caere, b 
cle.L'snts occur tc-fet.’ier in too ores and at present it is tlio 
cost of so 'oration tliat laalccs tno individuo-l iietais so 
expensive. Since tiie bJ-eiliost natpiatic qualities are not aluays 
required, efforts are under-; a3' to rep.laco semariun by the 
cheaper irLxtuj:*e of rr?nc earths, ti'.c nischraecal (i-Si). Shis is 
of particxilan importance to Indii^. where vast deposits of z*arc 
earths (in ILerais. sands) ex‘C a.vailablG, The other cor-ponont 
of t-is rare earth magnets, coba2.t, is else e:^ensive, parti-* 
cularij?- in Ind.io. becc-usc it 7er.s to bo impoz'tcd. Shore are 
i:ndication& that partial iron sifostitution for cobalt improves 
the properties of cobelt rich rare earth-cobalt alloys to 
some extent (O), Eeuce, s-losti feution of Go by iron in I#;— Go 

nar-piets, at least in part, is exeocted to be a valuable 

eonuribution toiTax’ds cost reduction. Sc, a tviorou^ investi- 
gation of the lEC-Co-Po system vras thought very essential and 
has been taJrea up in tliis investi.;ation. 
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1. 3- Kev^.e":; 


G3.e’.','isn'i;s 


Si'io ■'ccrrc 'riaj:'e Erxt’i* 
■'.ritii awOXuic /r-T''’Ders hot' 


Tef.e 2 ?z 'bo t-ie 4i-1jransiuic;i 
oan 57 (Lant^.aaiuri) cijid 


73. (Ltit etiiira). Xttriu’'i (59) is nl^o included ir. this p 
becaoise o? its clooo ro-senhiar.cc in pi*opert.ios to tlic 
ar.nt'is, '3-a<io3,5.nin.r'. (64) -'^O-r \±±eh- t''=o 4X shell is xxlf filled 
divides t'-e reane ca,rt.a.3 into li-ht (less tuoii ji;CLf fi3.led) 
and hcavj' (noro thr'i'i half filled) rci’c eartiis. For the 3.ijht 
rare eart.'is the orbital roriont L aaxd the spin nonont S arc 
ar.tiparallel to each, otiicr oo tliat tr.ic result ent na-.-^ietic nori- 
ent has the . 'atini “'J-de J:|l-s| , On fee other hend, for 
tile hoav;' rare earths the orbital and spin noneiits arc parallel 

ajid J : |l + S I , ^Chis bohaviour has inpertmt implications 

for the; total maiiictic sionent of the aS-Co compounds* 

In t heir ci,ora€m.tal form, the rare earths have very 
inte-rofi fcin j maiinotic prope.rtiex;, Sono of their physical, and 


mathctic px'opertiGS are listed in I'ablo 1.2, As seen from 
the fable, soma of t.'i.e el erne;: 'js i.ike Y, La or J,u Iisve no 
p crmancr-t ra.;piet3.c moment (in their usutiL valence stcute, +5) 
■'.iiilc others are magnetic. Due to stron. r crj'stal field 
effects, fic f erronaipictic rare earths also exhibit extremely 
hiyh nr .pict eeriest al3.ino anisotropy (9). She element dj^gpresium, 
for example, has tho iiigiiost knoi-rn saturation ar-^netization, 
57,950 gauss, and t'\e hhphist uniaxial ani.sotropy constant. 
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k, = lO.SxlO^' er-s/cra^ at Q^Z. HoW^cr, t.:>.o ■.lo.i.iictic ords:? i?-. 
t.’o Its eiciaor.ts occurs or.ly at lov temperatinrc-s, 2!ic tiikcst 
Oiirio to; ipcrufcre, t'_LO rare eartt e? cnonts, is k";.at ot^ 

G-d, l6°C (Svblc 1.2). Ik), the ^ure rare ea-'-tlis sz’c od r.o use 
for com'crtionrT. ra^jr-ctic a,, plications, Wlien. a, rax-c eartJ:. 
elcnent ana a 3d--tr .•nsition notal "^rs allowed toget'ier, a, 
nuTaber of intenaodiate /jhaSGS forora, rliese puases slioif forero- , 

ferri- , or antif crro2ia.,-pietic order at roon temperature, Soias 

of the f err omrxrai otic phases shou Ourie temperatures of several 
hundred degrees eexetigrade, Ir>. raaiy of these phfises the 
rare aa.rth. c?.Gmoiits induce a hi..ai. uniaxiiJl cr^.stal anisotrojiy 
ivhich maiics those stibstancos inxerestir.^ as hard magnotic 
mat oriel. s (4). 

Shs birarj rare Garth-trensition nctal systems havo 
been studied for lln, Pe, Co and I^i and magTiotic properties of 
various plictses femed have been dcterrr;in€^ to sec ■which o‘f 
tho RE— transition metal phases are of practical ij:''iportance. 

In the case of HB-fe systs-xs, the three phases, Hahi^ 2 » 

^6^^' 23 conpoimd exists) have been found 

to exhibit either antiferrona/pictic order or they are ferro- 
r'ia,'?iotic with Ouxae tomperatures too lotf to be of interest 
for ponasnont na/aist use (lO). In the case of B3-hi systems, 
a variety of phases (HBgffi^, HMi^, and other high 

RE phases) fom but they h-ave lo'«. Curie points (ll). 
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The Ge-j?e diav.-;rain is s’}.ov‘j:i in Ti.:* I.l* otaer Hh-xc 

din^erama are reported to ho h-.vin; siioii.ar features (l?). 

In tr.c Sa-I'e si^steme of Ce,iTd, Pr ao.d receur investigations 

indierto that t ie phases, wtdeh wore propcced hy earlier 

investigrtors, do no'u exist. The orvl3’- two phases t.'iac exiPw 
are hBPe^ r'nd. conpounds ore reported 

to have high saturation iironetisation a?id ujiiaxiEl cr^-swal 

sj/metry, l 3 ut tiioy have lor Ouric points (T^ClSO ) (l5). 

T ircroases out the saturation nc^-in etizati on drops. Thus, 
c 

RB- transition metal compounds of Ita, Re and Hi ecro not useftxl 
for permanent ma/^net applications. The SB-CJo alloys, nc^vover., 
show 'isg-p-ietic chsoractoristics (indicated later) which are m.ghLJ'' 
attractive for porraanent r!ie,jnet apoli cations, A?.so, tnerc a^e 
indication^ that addition of Re to some of the K3-Co compounds 
improves their nrrmetic characteristics (O). This, even tl.ough 
the RB-Re alloys are not innortant for permanent magnet 
a-'plications , RB-Go-Ro alloys :.w bo ouite promising. 

The RB-Co systems arc the moot a^ideljr investi, :aPcd 
ones among the RB-transition metal systems. Several of the 
hiiinry RB~Go phase diagrams (for RB = Cc, la, Pr, Rd and Sm) 
are given in Rigs, I.l to 1.5* shown in the figurc-s, all 
t.ic bin- r-y RB-Co systems show the- existence of RB^Go^, EBQo^ 
and phases and several high HB-Oo phases. These nigh 









FIG, 1. 2. PHASE DIAGRAM OF THE Pr-Co SYSTEM (15) 
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Co ph„'-.f5ei; uOUwllJ a narrow phf.sc rw',gion. Onlj?- 

HiiOor- and JaS'^Oo, « cora-oounds f cj.’ Go and Srn aro reported tc liava 
on a,;preciablc; homogeneit57' ro^picn^ tiic ilECo^ homogeneity 
region extends toirards bigh-cr Go concentrt tions whereas t'.e 
iiS^Go^y homocieneity re. ion extends towards concenfcr. tio.'a 
poorer ir. Go (l6,l7). Son.; of t^e EECo^ compounds are reported 
to deco '.pooc exitcctoidally into dn^Co^ and. HS^Co.^,^ st 2.ov: 
t c’.’peratui'oo. For example, SnCo^ deconpeoeo at 750®G (l3). 

Even thengh Bnedior (l8) has reported that rhe oth.er EEGo^ 
plrases also deoempose at lew tsnporatnres, ifey (i9) could, not 
find any eviderce oi it. Bho 5^200^ type compounds usunll^’' 
crystr-lliso ir the Aoxa^ional Co 2 l'liY '^T?° stracturo v;ith the 

exception that La 2 CoY ooth i. oxa.g'oni:,l cond rh,onhohodral 

polymorpliic stractui*es (20), An the itSGo^ conpounds have 
hexagonal OaCu^ type stru.ctnres whereas the 332^0^^^ conpounds 
i.>su£.l3.y have rhonhohedral tsrpe structLircs . 3)12^027 

md Cg 2 Co^,^, however, h'^vc ‘both hexagonal tortpers-turc) 

and rhonbohedrai strsj.cttu'’cs (l2). Lattice 

constants and structurad. c.h:.a'aet eristics of some on? t.j.c hi.h. 

Co contai./ir.g phrses, HE 2 Go,^, HSGc^ and ita^Go^^ are listed 
in Table I. 5* 
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jC^.e hcxa'-.Oj.i;-iL GnOu.^ stri-ctarc- of Hi—Go 
cciisii’fs of rri infi:^2.uC S'i; .clci;-'. so'iuonoe ox ''j..o diff 02 *ciTw 
layoro o.C a‘fcora& in the dix'oction of tnc - a iioxayo;.;a?t, 

ax'rrnyoi'ioiit of Co r.tons follo'-cd fey a riined Ixyor of ilf -anc' 

Co atOoiiu as sliowr. 1 '^ i'iy* 1.4(a), fho h€xa<':,oiaal ca?,.l of iuiioo^ 

ph^xf-'e ccntaino 3 riionfeohodrad miit oolis (fie,'. I.4(fe)). 

str'.'.ctiirea o'f t.-'ie coTiipounds in 'ifeo ran ^e ifBCop to ,’lSpGo^ 
can fee dori'ved fren tiie iioxa'ronri ifeuCo^ etrncturo (ll,22). 

She node of formation of 'icxiigora.i and rliom‘bo?iodrF?. str^nctxTrcs 
of tno Hl^Coy and compounds from tl:o BSCo^ stn;.ctiv:‘e 

is sefe.cnaticadJ.y sfe.oT.n in 5*i:?S. 1, 5(a) an'', (fe). 

Before diecxiosin,.: tao na/iictic properties of tlic 
rare e,art2" alloys, it x:ill ’’^c of interest to recall vjhiefe 
combinatior, of properties q.-as.lifics a f Grroma-ciiietic siibetmae 
for use ois a pem.'ment nn .riotio no.teriel.. Pix’St of all, i'j 
i'.'.nst have a hig'- saturation ".'.:j;iistization, Ig, at room 
tenpera.tnrc so th.et it ca:: prodrcc a remanent flnx (^p) 
useful aa f .■d-tude, 'fho 'Uheorcticrl upper ii.m.t of the enerff 
nrcduct ( f' 3 mand-DP.ir value of B2H in t.ne second hn.rxlrr:a.t of 
t.i c li 3 ''S'lsrisia loop), (3H)^.^„,^ = (2iclig)^ in C.G.S, imits, is 
also determined fey Second, t.no Cuzde temperature, 

must be l 2 i.ch, 5'inr.lly, it is necessary ttat the intrinsic 
coercive force fee sufficientlj’' Mffe., namely, > ^icK^, 

to PlKjvf a dose approach to the theoretical eiicrgi?- product. 
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Accox'din^-. to tao ricdcni aonceot o:c parr-isixcnt ria^jnetioii, s.xc’.'i 
Ai/di cooroivn fo,;*C0S are only expected of a sabstexaco v Act 
lias Terir larf^e aajnstocrystgo.lir.e anisotrop 5 =" ( do terrain ed by 
tlie arJ-Sotropy field, H^) end a. single eas^r axLe cf 'ara'net5,?:a.- 
tion. 


The studios of IT-assau, Oherry ajad Wallace (23) and 
Nesbitt ot nl (24) on tiie temperature dependence of najneti- 
zati.on for HBGo^ conpounds rovop3.r,d tvro different typos of 
bob.r.i/iox’r. For J and tb.o liybt rou'o cartbs, tiio ur. .nctization 
increased x^itb decreasin;:: tempsrs/iro.rG riiorcas for Gd and 
tte boarj/ rax’c earths, the naanctization decreased uith 


decroasiii,;, temperature. 'liiose obseinrationc are consistent 
’■.vitt tbr: idea, tnat tie spir-. of tlie rare earth atoms always 
ccu'olos antiparallol w5.tii t '-^at of t''‘e cobalt aAoms, , 

in the li{;ht rare oairtb aUpys, the total noment of tlic EE 
(J = i L-Si ) -adds to th- t of tl'.c cobalt loading to hi,''d 2 .er 
mr^aietization values, j3ut, ir the Gd and heavy rare earth 
alloys, t:ic tota3. rare earth raensnt ( J = j Ji+B f ) is an.ti~ 


parallel to that of cobalt leading to a two sub-lattice 
f errinagnetism with the associated lowering of the total 

aajnotization. I'hus, the strongest s-u^^nstic mcments are 
observed in ?l.loys prepared ■fd.tb the largest rare earths or 
even witi: the non-ffia;'-:nctic T, is shes^n in F±q, 1.6 


in wMch t'lS approxLnate values of the satuimation ind.uctlon. 
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Co^ "lloj’S are plotted a.e n 

function of t’-e roxc ea;:*t’'i atomo. If the BB-Cc iuvniets a':*e to 

coroei;e uiLt. tns exiotin.-j; rlnicc inagncto, for exejaplo, trc 

Saturation incBiction at rcon te;“.porature of tlic HB-Co 

cc?npouii<is rniRt reach at least 600C G--'uss. Fron fi 1,6 it 

folloTfS, tten, t'i!',t tlio ccnveroiait /jro’.ip of compounds io l:..jited 

to t'-o rr and EBCor- co’i-oouiods of X -'nd ttc li';' t rrxo 

cartlio* liicideiitallp, these ccnpoun.es -..iso hr^re hi^cn Ou:a;: 

tc-nperu-.tures as is shovm in Fi-;. 1,7, 

Inc nafinotic preporties of ti:o useful RhGo^ 

compounds are listod in latio 1.4. Ac indicated in the 

table, tha BBCc^ phases hc/o vevy lexge ( lr.r,:i'est iaiou"-!) 

ija.pnctocr 2 .'‘staHinG anisotropy val'ucs (as s]>.o’*m by tbo larje 

anisotropjr fields) and subetrntial values of satur*ation 

n-^.'inetization at roor. temperature. Ihcy also have i;lic desirable 

easy c-axis mjixtotio syimnct-!y. Permanent ma,_p.ets based or. 

these satcrial.e have noxr boo.e a.ade v.ith previously imattcdnabic 

ccerciviticD and energy products. But, only in the case of 

SiaCo^ compound, energy product close to the theoretical. 

Units Ir'.s been acliiovcd. As for cxasiple, I^as (6^n hae- 

rcoorted a val’uo of 20 j.:g.0c for liQ-uid piir^se sintered 

SnOOc, alleys uhic!:. is very close to the t-heoretical value, 
b 

In the case of the other HSGor- conpounds, further work has 

b 

to be done to realize the tJiooretical values of (3H) • 


3E Go, 


•4itNg , xor^^E^.Oo^, SB 2 
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5? -ciSli 1^4' 

Eafpactic Proportios of PlGo^ Compounds (i) 


Com'oourx 


YG 03 

10,6 

130 

28.1 

Lantiirjaura 

9.09 

175 

20.6 

Cerium 

7.7 

170-210 

14.8 

Praseodymium 

12.C 

1<5-210 

36.0 


JSaturation 
il -I agn ot i z at i cm 
!4ivj'L-» P'S 


Anisotropy 

Pield, 


} Siieoretical 
f Enor-':^?' Product . 
! (BH); , MOOe ' 

I -.1 ..jL 


Samarium 


9.65 


210-290 


23.0 
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Oomp^ativoly loss ejior.nt of xforl has beer, done or. 
tho f abi-io’i.tior. of ;er, rriotr. from t?'_c rciipGo^ ^ ti~r)c cor.po:.'jiclK. 

Ever’ thoru;;;-.-. ccrapoi;j.ids hr.ive ira’.i^e sai;ur'-;viori 

tions rrd h2<;,.‘.i Ourio tGriperi'enrcs cenpered. to i;::: o corrospcrdt:.:r 

ESCo^ cciipovrids 1,6 er.d I.7)» efforts o„t prcd-tuxlr ;; 

nets ritli good. pro]2ertics from t.io RE^Go^^ compounds ■'•■rro 

unsucoc-ssful, iltio in boccu...c o.f t,'io fact tl.. t r-S2Go^r^ 

compouiads of li::^it r-re c.rt^i.s a-'o I, czceptii'..;; 

exhibit oe.sy mo-jnstization diioctiors lyiHi-; on the basal p].aiio 

and sliox/ "..'rk or praoticairi^ iio anisotropy (26). S 

oxhioi'jo OBJ', IT u— axie. baba.vionr rnd also hi.xn i'ii/J:. anisotropy 

(H^ = 1O5 ZOe) (27), Conso:. umtlj’', nneh- of t'lo rorl: done cii 

the compounds hc.s 'been nith tho Siji2Co^.j eompotued, 

Inititl results inoicabo tnat the prooodux'o eiiinloycd in 
f abricstinj tlio ilsCo^ typo . ir._,neto nay not bo aijplica.blo 
for tbc fabrication of nn.^notc from tho fiii2Go^.y ccmpo'ond.s (3), 
Ihio is probably bocn-xiso of tUr, fact that the ES2C0j,j t3^'ps 
coErpoxmds arc not as brT.ttic as the ESCo^ compcmids and tl'C 
process of poxjderinj: causes "icchonlcal dainyc of tlie su.rf.?o'j 
layers of the particles (28), At present, investigotions r.ro 
aoing on in several laboratcrieC; abs*oad to fisid tbo fabolcatic.;: 
procedure for those xtSpCo^.^ compoujids to achieve better jiajnotic 
properties. 



l6 


';~ilr.ceMic".t of cyo ii3 cjloarr..'!; j. 


■~:\otl-cr :‘.r. 


RSGo- ccn.’ourco boor stuc j od for ribijoiiiii'i;' : bettor 

w ^ 


proportice, j]I'ircro;ii t.-'.ecc atr-.dios it is ro'^/erd-'d o'ao 

EB cp.n re- )i-.’.cc another in t>.G stnxctvrr-e ar.d r, fe-T 

RB additioDO li’ro Fd, Pr cto» i"'.prnvs tb.o r.r, ::iotic ch'..r-.ctor- 
i 8 tios of the .RSC 05 allojnr,. Per expj^plc, -r. nior^ij' product 
of 23 Il&Oe b,o.s bceii 'reported fo:.- the (S^i, Pr) Co^ oiicrp (7) 
rhero?.:. foetb.c SnGOp- allcp it i£J only 20 liSOo ( 6 ), ITo such 
otudics nro reported for the coripoonds, 

Ti3XTj:,XY sCLlojrrj ot L^'i>cic?::.iooo'tx^y XxTvoivi.iiiL‘ 

tirl. rcolrconort of cobalt 03 / one (non-f oieron-rpnctic) or t:.o 
(one non-forronatpootic and ot'Aor >?orrorae,p’-otic) trorioiJion 
mctcfio of the iron grou-p have been investigated ro.r 

realizing bettor no. peotic properties* Extrr.ordxna,rily hi.ph 
coercive force V 33 .ucs }. 1 '=’Yc been s.chievcd for the RE 
p^J^ojz by a, solid sta'ue precipit.atior- of t.ao iseihnctic RSGc^ 
phaoc in a non— riapsn otic RSGu^ n-a'^rij;, Ror exaiaplo, as casn 
Sr.iGoc aar-'ToG have coercivj.tioe loss then lOOO Oo whereas 
the as cast Sn(Co^ ^-5 to 0.4 h-ave 

cocrcivities as high as 10,50C Oo end it is f-urth or irop roved 
to 28,000 Oo after annealin,; G.t 4 OO Q (29). SimiJir improve— 
meat 3 .ii coercivitsi-' has been reported for tne Ai Si.vbntrturod 

REGo a31cys (29). While the coereivlty increases due to the 

5 

addition of non— rnc.^jnctie el.cmonas in RBCo^ pnnsc, tho 
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r c 3 '.'-xi.cricc reporlied "fco decrease dr;-si;ica3.13r (c»e> Grc-wi*^*-: 

for SuCo^ to 1000 Gao.ss for SmCcOa^ ) bccmse of the dilution 
of tI:o a'atrix Ijr tlie uou-rn.ractic copper or elluiainiua ( 29 ). 
S-r;tMl additions of iron to tie Ou nodified SraCo^ ccripouncs, 
hov^ever, ore, reported to increase t’.io saturation mo.gnotioation 

as nell ao coercive force. 5'or example, tne aiinc.al^^d (^-.- 2 ^ C, 

\ T Cl / /T. T?'! r*ri ^ sbdvjed g, coercive force 

4 hrs) oempound Sm (Cu^.^ 35^'"0.5^*^5*5^ 

of 10,000 Oc x-JliicIi iG 4000 Oo ’-i, ;^icr tn.an tnrt of tne correo^ 
pondinc compound xv-ittooit iron addition. The so;bu.ration 
induction (0900 Oauss) of the Ec containin.- -alloy is al-o 
’.iis3tcr (by about 500 Gauss) thru the al?-oy with no (29). 

Several v-orhers tried to replace e ccbr. 3 .r by 
relatively cheep and abundant 3d transition ractad., iron. 

But no syctl^m^finvestija^ of the phase eciuilibria in the 
liB-Oo-Fe si/Gtem has been, published. Only a fc"' workers h-i^v/e 
invest! ated the lir-its of extension of rlio EBCo^ phase o" 
addition of Fe ( 30 ). i'ron their rosul'i^s it ar.poars that the 
so called pacudo-binrry compounds - RSCo^ with Pc, are 
unstable, fhis ’.tay be- because of t:.ic fact that there is no 
ccnipotaid =orrer,sonSln..-; to BBC 05 In t’no BS-Pe Byotoa I.l). 

BnoohOTJ has invest! ated a lisi-iod ooapocitior. on t:-n: 

Sm-Co-?o systa-, (50). Ho observed an incroRSc in saturation 
artnotlsatlon (92 enu/g for SnCOg to 117 oWg for SroPeCo^_.j) 
and a deoroase in intrinsic oooroive force from 18 KOo to 
lO HOe for a 1 iu% ball milled rcetcrifil. However, on 
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continuod "ball lailling of fhe naferial, tlie coercive force 
was repcrfed to increase to about 14 KOe, a value very close 
to tiiat of SmOo^c ThuSy the iron substituted SiaGo^ conpoundo 
have some\-rhat better magnetic properties than the compound 
without fe, 

Fo phase equilibria data is available for the subs- 
titution of Go by Ee in EE2Go^r^ compounds. Ray et al (3l) 
have mentioned that extensive solid solutions exist betwoon 
RR^Co^r^ and RB^Eo^r^ phases at high temperatures, The 
RE (Go. Ee ) ,7 phase, however, goes through an eutectoid 
transformation and at room temperature, stable 

REJGo Ee )^rr phases are restricted only to the neighbour- 

2 r l~x x'l7 

hood of the binary compounds. They observed that the 
RE2 (Go., however, can be retained in a metastable 

sta.te by quenching (3 Magns'tic measurements were carried 

out with the metastable sariplos of the ^^2^ *^°l-x^*^x^l7 
in which x Varies from 0 to 1 (32). The values of T^, 
gmd for these alloys are plotted as a function of x in 
Eig, I, .8, As shown in the figure, the Curie temperatures of 
these alloys remain above the T^ of SnGo^ when Ee is substitute 
for Go upto about x=0.€. The saturation magnetization incroa'- 
ses on the addition of Ee and goes throu^ a maximum on the 
iron-rich side before it declines. A similar behaviour is 
reported for ■r2^^°i-2^®x^l7 analogox 

to the behaviour of binary Ee-Go alloys. The desirable easy 
ci-axis behaviour is maintaiied up-feo atout 50 percent iron 





r" t 

r 'U 


1,6 VALUES OF 4ttMs,v.AND 
THE Sm2(Co,FG),7 ALLOYS (32). 


FOR 



FIG' i. 9. MAGNETIC.' S.yM,METRY: OF THE 

: : ; RE2(Goi.x Fex!l7 : 
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s.:'»33titu-fcioi-iin thw SmJ Co_" ?e )_ „ ^lloya, sliomi in i’i,.;. 

•>- X““^ ^ J- f 

1.9. ilr;o, tlia sr.bntitution of iron first onlirr.cos tlio ensy 


axis nnisctropy ‘S.rops. but fonm.'-- 

attractively Iii.di upto about x=0,4. In ta.G ca'-c of quasi- 
biiicry EE 20 o^j - syatorac of othe-x’ r-r’c cartiis Co, f:: 

and Y, tno :io3t rom^rkabl o fco-turo of iJ'c a.dditic:i io t-'f t 
between 5 io 20 porcent S’© liubcnuitution for 0o> tlic c— ax 7 .o 
boGonos tb.o easy ejxio of rsi-a T.ieti7,r.tior sjtv-i tiiio io nair.tamcd 
upto o.bont 45 to 60 poreeiij Fe j^abstitiitior. (Fay* 1.9). r.'.-;- 

raasimiT. values of tuc enisotrop,, field in t!:ose caoos are, 
bovevor, siibstmtially iou:;r tlitv- those of 
alloys (loss then 20 KOc) (32). 'fhuvS, the- ^"^ 2 ^ 
alloys v-ith x=0 to 0.4 are dearly superior to ti'.e others, 

Bi rly rrSit Qitp'bs to i>2?oducc A^jji ■ir.^V'O t/icroiCM-'o 

correctly cone ciitrp ted on tno ^^1— 7 DOu..‘.,on 

0 <x<0.4. It is predicted that n'-jnets uitl- values 

as hii’h a& about 60 MG-Oo "-ill be possible- to r'':-lzc: urtn tnc 

Extensiv-'c data is avail able on tin solubility 
of rr.ro earths ojaoiitt thoi'.'- selves. Conpleto solid b oiuoili 'cj' 
in the ao-»la, La-ilcl and Pr~lTd syst-exeB and oxtoxided solubility 
for the other i*r.rc oartlis oiaon;-; ti'.ons elves has bcri. reportod( j53) . 
liras, it is expected that in rM the HB elcmonts \fiil be in 

solid solution form, and when alloyed eith other eicaients the 
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I® will beliave like a sin.j^lc id eleTneni. Iliio boii.?3rioj:? has b';‘ 
observed in the Mi— Kg s.voter- whio’". exactly reseiablcs th.o (Oe, 

Ir, l?d) - Kg sj’-ateiJiS (34). Ko s.-cb data is, bowever, ava^-lablc 
for 'cnc i-lii-Co and I®— Pe sy steins but, it maj?' safely be assured 
that Mi-transitiona!, cieta]. s^rster.is win show a. behaviour 
sirailGx to the i#I-Hg syrtcj. 


bven though no nhase equilibria data is available 
for tic- I'.il-O'o System, several worhors have investigated the mag- 
netic •pi’opertios of M-lCo^ phase (1® in those cases had rare ca,rt 

contents of 45-60 at percent Oe, 23-55 at percent La, 9-20 at 
percent hid and 3-7 ot percent Pr). Strnat ot al (35) end 
HeCaig (36) obtained a (BE) value of 2*3 HGOe for t? e field 
pressed MiGo^ po^./der witl^oe.t sintering. Later, by using 
sintering tec.':ini<!UOS, Jolinson and Pellows (37) and Pas (58) 
achieved a (BE) value of 9 KGOe for the MKCoj- magnets, .'"o 
rragnctic data is e^vailablo for tne corresponding 
conpounds excepting thet the IWx^o^r^ compound is reported to 
have the easy axis of ma.,inetization in the basal plane (26), 

Small additions of other rare ea:eths are reviorted to 
vastly improve the ma.gnctic properties of (ML HE )Cop. 
compounds. Several workers have investigated the system 
(hI-1 Sm_)CO(; for x = 0 to l and found that the magnetic 
properties steadily improved with Sn additions (38,39,40). 

Eor example, (BE) vejIuc for KMOoj- is reported to be 

lu<h.X P 
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14,5 ilGOe T-j’Tiereas foi- TII-1„ ^ 3m^ _ re:oorted to be 

o ♦ V ♦ > t? 

18 IiGOe (59). 2ho e 3 ?fects of ether rexe earth additions 
like Ce, Pr, Kd, La ho.ve also been studied, Por this pux*pose, 
■dai'^el. end Meutj'i (3S) selected a co:::roosition (I-li, 

3n 




0 l5 ^^5 0 < X < 0 , 5 , fheir results car. be suimarizeo 

in tiiG follo^Tin,:; (i) Co rod’oees the j-xnd 

Mg is al.oo Slifpitly lox.'ercd*, ( 2 ) La incrcs.ses the sii,,:;htly 

deore.'^ses the but does not chonj^e the cuid ( 3 ) Pr 

reduces the and but increases the and Mgj (4} in the 

case of Kd, ,ii is reported to incroase i2iita.^ly (fror. 8h0e 

at 0 porcent Ifd to 16 KOe at lO percent Hd) but further- 

additions of ltd decrease the -,27 . H. is rcoorted to decrease 

x^i. O A 

steadily -wj.-bh increase in Ifd content. Both Ba and M„ are 
reported to increaso with 112 additions, Pro2i those resents, 
Ifagel and Heuth rcx}ort that energy products upto 18 MGK>o can 
bo obtained with MH based magnets. 


Oast oerraanent mc/aeots based esa Mi (Co, Cu)^ 

5 

alloys, in xjiiich magnetic hordeiiin. 3 ; is produced by solid state 
precipitation of a aa-h-etic phase in a non— mapnctic matri^c, 
have also been produced and s-tudiod for tlieir magnetic 
properties, Stmat et a 3 . (4l) and Tahata (42) obtained an 
energy product of 6 MGOe for the Ccost (Co,Cu)^ mupnets. 
Later, by using powder metallurgy teclaiioucs, hii^her energjj- 
product ( 8 KGOe) maguets have been developed from 
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iJ^(Co,Cu)^ alloya ( 43 ). Iron additions to i' 34 (Go,C»u)^ alloys 
are fctma to fiirther improve t ie r2a;;^iictic properties (44). 


llo ma^^pietic data is availa.blo for both M4( Cojfc)^ 
and i^''2(ao,Pe)^^ eaioys, Ho^rever, iron additions of about 
10 percent are found to chenje tlu; easy azis of >n,Vi-nGtisatio.n 
frontixe basoi piano to the c«r.xLs (Pia:* 1. 9) in the 

i'IM 2{ pjPQjg q^j 3_ this c-axis ma^retic symmetry is 

maintained up to about x=0,45. 


I«2 Statement of P2*obleia! 


Ihe use of iron and miGchmctai sabot anti ally 
reduces the cast of RS-Co magnets even thoujii their use mrt lead 
to soraotfha.'i: inferior mo-gnctic properties compared to those of th 
SraCo^ ma tenets. However, as mentioned in section 1 ., , for 
certain apriiicationo , mafinetic properties comparable to those 
01 SmOo^ ma..iic-t6c ai'e not really necessary. Oonsequontiy, in 
such ajplications, the lEi-Oo and the I#I-(ao, lo) alloys have 
definite economic advaxitags over other materials. 


ferroma,; yietism in transxtion motaia PsjCo and hi 
IS due to unequal filling up of tlxo 3d sub- bands, Addj.tior. 
of Pe tc Co (Fe having one less electron/ atom than Co) causes 
more imbalance betxceen the two 3d half bands of Co and as a 


4. Q suit maiincijic momenc/atem increases as Fe content is incrcasec 
3 ?he momaxt/atom goes through 0, maximum near about 70 percent 
Fe* A Giiiiilar effect has been observed with the HB-Co 
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s^'stcsii — p.ddition of HE ap.oaai-s to reduce tte imlDalt'J!.ce i'l tlie 
tuo lielf bnnde t’lcrcby ^.oucrin^j; ]:':o 22 ent/atom of taa 

traneitio?! laetaj. (25). On Pe oddition-fci ESCJo^ and 
phases of Gd-(Oo,Po), Y— (Co,5’o) and Sr.— (Go,Pe) syotens, it 
has been reported (8,32,45) that m,jnetir.ation incruasco uit'.. 
increase in Pe and it passes tIiroU: 3 i.i a rns^xiramn at a roasonahiy 
high. Fe content, sirdlor to u'lrt has ’oeen found in the Pc— Oc 
System, On the Ixasio of these observations, it is expected tliei 

in IM-Co-Pc system also, there will he an increase in ri.u.<; 7 'eti- 
zation with increase in Pe. Moreover, there may be new phases 
existiiig in the BB-Go-Pe system with mc.gn3tic properties 
simii-ar oz* saporior to tlie I-S^Co^ and phases. With 

th,ese points in view, it was tnou-ilit necessary to carr^' out the 
phase equilibria work in the Mi-Co-Pe sy.ston. As .maationod 
in the last section, only compounds of the type AB^ and 
are c£ importance for permanent :ia.pnet snplications, Howei^er, 
it was reported (46,47,46) that optimum pi'opertics of sintered 
BECo^ m; -.gnats were attained only if the- starting matci*i£l. vae 
hyper stoichiometric, i.o. , contain a fev perccait of the BE^Co^ 
phase. So, tliO study of I#i-Go-Pe oyst^i was restricted to tne 
composition range betifoen Go ,P3) ^ to ilMgC Go,Pc)^,j. 
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Hiio pliASe oquiiibria ivoi'!-: ir> expected to oPo’.. tlio 
difforoat ■ohaoes tliat coexist in tde Mi— Co—S'c a;;-r;to’'fi* O-i. 
tdsno only a few nay bo of i?.jcntance fear pomanent maipiicu v.es. 
Cnrcic tO'-i;pcnr.tin'‘'0 io on iiipo3rtr''"!.t noynctic cn.-oractenii-j cic O— 
pomonent ne.jnetic natoriris, 'lence, to yeu ~ fiast iisna 
inf ora.ation on "i>ic/,. dlcj-e bo.vo favorer able nepjnctic ch: '.xs.c u -i. — 
ietics, it ’..a-s docidsd to detemnine tas Curie t enpero-ti'iros of 
vpxious BE— Go—i’e aH 03 ^i 3 » Since it if; .■oiom''-. that t.ic Fe add-'-iOC. 
affects the na-pnetic eaS 3 ’- axLe of tiie ^2^1.7 ph-^-se, xt x.a,3 

also felt that the easy rar.,;: 3 ieti?-ation axis of the Iruiown and tne 
new phases in th.c iK-Co-i'e syote)-? should bo deterreinod as a 
function of Fe content. 

In the f pb:ricaiion of EIUCo najnots, voxious techni v. 
likc sinteT’in;;^, liliiid phase einuerin'T etc, axe used fox 
develop ing optinux. px'opextics, fo choose suitable sinuerinf and 
aiineaiing temperatures for t't:: tomarrr ii.-;.— Co— - e ra3.03’‘>-', a 
hnoi-aedge of the molting points of vaxdous alloy co?^ositions 
is very essenti;-’!, Ihormal analysijs methods are suitable fo^ 
this purpose, Ecnce, a hd-xii te.upera.ture tnerrirl analysis a.-iorxa'' 
was considered to bo s et up for determining the ireiting points j 
of the Mf-Co-Fs alloys. 
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CHiPISR II 


A'"«iYSI3 iPPAEiAEUS 


Since in tlic fabrication of ti - warfic-ts the ter^.--ar.. 
alloy 0 of -iiscIinotaA, cobalt ana iron axe to bo UsSed, a lmo^~ 
ledge of tl..'.ir nelt;' ’i poin'js is necessary for choosing sva-ta- 
ble sintering tenp natures. It •rrial, analysis netnods are 
suitable for cstabli hing ::ho oolid-liquid tra-isition tenpera-* 
turos. Hence, a tiormal analysis faciliby was set up. 

II. 1 Desig^i and Descr5.ption of Apparatus; 


Eor ease of detcctin.j 


tlioXii d. arrest proouced 


diiri-ng therr^ ana 3 .ysic:, a l.-ngc amount of sanpie air', siovt 
heating and coolin': rates haac t:; bo used.' In t}ic present 
investigation of the RH-Co-I'c syvsteuio it was expected t %at 
only small amounts of mr-toriris would be availr.blo for 
thermal analysis. Hence, a thero'^l arnlysis apnaratus whAch 
would be sensitive enough to show reasonably Irrge thermcl 

arrests even with snail amounts of nateriris w£is required to 

bo built. An already' fabricated water-coclod f;.imace chmbcrC^?) 
suitable for use with high vacuum as well aS xAth inert gas 
atmosphere, was availablo for conversion unto a the rati 
ana3.ysis apparatus, -^s snown X7\ I'ig. II. 1» ch.ni.b--.r ..a»> 
tln-eo parts - a bottom plate, a central cjaindrical section aou- 
a top Plate. A sr^rll furnr.co, 1 i/a“ di.. x li«» long, was 





27 


.-loimtcd or. a sin'iored rlur-jLrir-. p3.atfc::?:' s-.‘.-opoi'’tod by t';.rec 
5 l/O O.L, 2 : 2 * 2 -" lor ; alur'inr-. ■t'j'bos iTixod tn the boltc a p3_r-.-te=, 
Povror tc t’_c furnace Trras fed t^’roiiaP g?,w.ss to tnotal -seaiis fixed 
to tive botto:' plate* Pive conce:iti*ic radiation shields with 
toi) cevero liparin.-; i" dia central holes rnd tifo hotton radir tion 
Giic.ids, all n; de of stainless stce?. , cc-.'nl tcly srarrounded 
tho fri'mco to miniidize heat loc-s, A thin Mo radiation shieii 
with ?. cover h vin.^ a 3/3.6" dir coirlrri hole was ueed ii^oct tc 
the f'j.n-.r-.ce to protect tlio stai:'ili..sfi stee3. radirtion shields. 
Por the piirpoee of the.rr-el analysis of ere sample, a P U-Pt 


lO percent Sh t?ier: •occaple was inserxod throuj^' the top plato. 

The funen cc had to ho designed on the hesi:; of the 
requieemont th- t if shonld '.;orh at temp era, tores in the ran, 'e 
of lOOO^G to 140C°C (or ic00®0) in inert atmosphere or high 

vacuizni and. th.at it should he pessiolo to get heating and 
cooling rr-.tes as small as desired. The choice of irnterirl for 
the fumiaco was limited to only a f ew ma,teri;ls like Ta, Me 
and Pt-Bh a3.1oyG, Of those, only 3Ja a.nd Mo were tried. Since 
a snail tom -.ce ".-ith sufficient elcctricfl. resistance was desi- 
red, Tp, (which her. hi.^'-cr specific resistance then Ho) was 


first Qhosan even t.hoidgfc. its use rxecossitated the use of hi.:h 


vacuiutt. Soft, anrealed 0,02" dia Ta i-Ji.ce was rolled into r 
strip of 0,008* thickness and a tomace with 2.5 tot?-X 
rosi stance was fabricated. The difficulties with t’lia 
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^{T 

that (l) it ".ceded la; .intcn;.nco of hi^,:''? vaeuun ( 43a.0“^ia''i 
oz.’ hotter) for a lonr; tirac, (2) cince t'lc fcimace had to he 
heated s]LoxCLy, tine of operation lc 2 V"^^’^c) 2 .ed and (3) long period 

in hij;h x’t.guiuo caui. eel irccgc vol’.-tilioation of ’':atori.’ i. Since 

t'iO fa furnace failed to operate satisfactorily, lio x»indiiio was 
tried. The aTail..hlo He v.drc v.^ac of 0,025” di;.- and n-ae conpa- 
r.ativoly .'lore stiff th/n tho a-vo dl ahl o fa ’'.■.’ire. Because of thi. 
the i'io wire cou-ld not b-e rolled dor.’i}. to ", t’d:.'! strip of higher 
r csiatanco, A no '..’'oozncl fum .ce of t2ie sarte size as the fa 
fu27io.ee gave a total rosi-etojice of only 1-^'- and the control of 
heatin’: or cooling rate was found difficL-.it, lo increase t '<o 
electrical rcoistanco of the fu.mo.ee, two concentric ko went?,! 
furnaces conn'oetod ?ji series mere tided, 2wo recrystellised 


aluiaino. tiibes (cylindrical parts of recr^-’Stallizcd alumina 
cruciblcs) of 1“ O.D, x i-g’" long and 1 l/4*‘ 0,1), x l l/O" 

long respectively were used for v^irir, tho two fuinaccs, fhey 
were put concentrically and connected in series using a. staiiv- 
less stoeD. connector, fhe tot;!, resist-once of this t77o-li.ycr 
furnacG was about 3 • 


In the initirl runs at hi-jh tenper: .tmeo (1300^^0 
to 1400°G) , the Pt vs Pt + lO porcezit Bh t.nerr.W'l anr3.ysis 
thermocouple got stuch to the lcca.?.ly ropdo alurnina. protoction 
sheath kept in the melt and tho thermocouple 7 -n.reo snenpod 
during its removal from the sheath, fo avoid t.hiG, it ’..’as 
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necessExy to k.'.cp f-.c- tlicri’ioc ov.pl o in a t;j’'bo n’ io.v could t).. 
kept in tlic alu'-’inr. s'.ier.tli kc th:.t no dai'inye ic. done- to t".Q tkex-- 
nocouple , ’Ikin ■wel.led pnxo r?lu 'in.', txibi, o.’ l/8” h^'.^e 

keen t’'C ideal C'.oico, But, since it ■'-a,-", not avnilf-Dl 
t :in uallod (O.Ol" wall tliickncss) ctri.nl css steel tab.: of 
l/8“ di;v, cloned at one G;"d by fuoiiie" it, wan used, Sr o iiS'..' o_ 
stainlsn.G steel tvbo, Iiouever, z'cstricted tlio oporaxion of 
the f’.n.i.aco uptc l/.-OO^C, The thor-occuplc was insulf'tcd free;, 
tbo stain-lsGs stool to.bo by puttin;; thin -^ 12^3 sleeves or the 
vires and by keenir... the hot jiinction in rlujnina powder put at 
tbo bottoTi of the £ ‘..airless stool 'cube. . o tliin 

stainlu-SD stool tobo, if exposed to r.t"'.ca’;hcrc at hi^vh temp- 
eratures, vac expected to oxidise and fail. So, it was 
comiGcted to a gas head mr-i-de or brass f''..X' floiiin. , argon gas. 
Purified argon gas was inserted into the stainless steel tube 
through, a syrinffs needle. The stcxinloss steel tubo-gas head, 
was supported by a holder as shoevrn in Pig, 11,1. 

The Mo furnr.ee requires an inert atmosphere fc- 
its operation. Argon gas purified by passing of over hot copper 
turnings and titanirvi chips was used for t.his purpose. The gas 
was inserted through the bottom plate into tne cnerber one 
let out from the side of tl’-c furnace cha-iber t'nrough an oil 
bubbler. Por cnsvxing th^t all the air was replaced by ar.grn.- 
gas before heating the fvxnace, a vacuum pump was connected 
to the system as s^iown in Pig. II. 2, The fuxiu.ce chamber 
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was evacimted tc about 20^ aaci argon was iPra-nhod f'rci.’; 
tiic oy^.'ten 2 ox" 3 tiraos bcxore coiamanoing h:'ating ox the fur- 
nace. 


Since cnedl ariount of in--.ter?-;.T. was to b& used fox- 
tr '.rr:-:i arn.lj3is, f'o tetai amount of heat liberr.tod o:'- absor-bco 
n.t tliG trao-Sf oriao.tion point was o,'r'':ected t-' be sninll, Exo 
su:.'J,l heat effect wo,s eiqpcctod to aiaj^:e tl::; tl'crmal arrest of 
short duration and wi^b. rel .tively ir-rge lioatinr; or coolir.g 
rate (eg. 2'^C/icin) if right not be possible to see clcredly 
t.ic snail thermal arrest. Because of thi... . very sm-ll heati?'.;,, 
oi- cooling rate ( -til 0, b'^O/min) was- desired, 2he toT.al 
resistance of t’-.c f-.uenree being snail, a very fi:ar cor.tr: l of 


voltagG was nocessary to obtain slow l:, ;atinf: and ccolinj refe-O- 
2hio was acai ;ved t'.rrxigs- an arrangement cto\.'n in J'iga II, 3o 
A stabilized stepp-d down voltage was fed tc tlxrcc Dimmerstats 
set in tander, t'xo first t:?c wjrc used to step doim the input 
voltage suitab3.y sc os to get fine voltage control over the 
whole range- of the J3imiiersta,t and the tliird one wan used to in-- 
crease or decrease tl~o set voltage by sma3.1 -amounts, 

Foi' tliermaj. an-a.l.ysi-s , the output of t ic t!)or::0“ 


ccuple was fed to a recorder tiiroiigh. a cold junction (melting 
point of ice) so that the changing mv, cerrospondin.^ to tnc 
changing toaperature, witlx tino could be recorded di:;*ectly. 

Ihe mv genera-ted by the th ..mo couple in t as useful tenpjrafcu.L*e 
range xrac bctwecsi 8 tc 14 nv. So, o.io could dx.t-ectly use a 
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recorder wif; fi'.i.l seal ; deflection of lO or 20 rrv a’^'d rocerd 

tivj tiormsl arrest. Eouovor, t.‘ :■ Ijr^re recorder ra'ivc 
required ( 0— 10 ore 0—20 nr full scale) .irde the moasureno;' t 
ra.tlier inaccurate 'boGaaso the chejig?.nr; rv per unit ti'n-.. ".tdjz 

rather ( 'iO 0,01 iw/i-in) r:.t the: transf crm.'- tion point. 

» 

Hence, it uar; tlioug’rt to srire the ifso.surin;.; circi-iit Eiore 
sensitive. Since the meg ore part of tl\e ■.'■tv reading ue^s u3cl.,‘Sa 
for our purpose* it was thought that if rn oior of laiown value 
was fed against the ther'io couple er^'f and was kept conctrnt 
thu'oughon t the oxperimcaat, then a v-'orc saisibivc scale such 
as 0—1 lav r'^nge co’ild he uiised, A Loads and Nerthrup* Model 
8686 potentiometer was used thro'u,i: which a pred etormined. omf 
could ho fed against the thornoccuplc esf, She accir.rac;:-' of 
the potentiometer is + 0,007 mv end hence, a very fine 
control of enf was possihle. The unhelmced erf of this 
system was fed t'-' a Sargent recorder (Hig, II. 4) with a lO” 
chart open and wit’: 0—1 imr full scale deflection. 

The EB-Oo a.lloyw are rreported to react with A 3 . 2 O 5 
crucibles (50), Comri.orcitg.ly available crucibles, which 

are usually sintered a.t low temperaferes C'_l4O0°C)j are 
very porous ahd cainot be used, Biit, sirce no other suita.bie 
crucible material was available* it wa..: considered tc use Al 20 ^ 
crucibles sintered at hii^icr tomporaturcs. The faciliticn 
available hi the Institute were uscsT for tiiis purpose, 99.9 
percent pure ^ 12^3 poifder ( in 5 ^n in size) waf- blended with 
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water end for optiaiuB plasticity of the r-tcrial, t'.'o blend 
was naintainod at a pE of 3-4 'aoin;: HCl. Ido- tno cr’Acibl-C 
and shcatlis of rGq'.-.i;-rd. sizes were r’odo by slip casting tho 
blc-ided alunina in piojster of p“xic. nouids. A;-. allowa.nco 

of abo'at 30 porce''it woe. friwo::. for shrirl' ■_{ ;c durinj Sint er5.r.3» 

c 

Tho cast cruciblc^s and shcatiic wore preosint e-rod at 1000 0 
for 10 hrs. After rircliiiiinii, if necessary, tne prccintoi.-od 
crucibles fin-cd. sinterin;; was done at i700^C for 2 hrs in 


a zirconia- pot fnTDj-.ce, Crucibles of liigh donsity and wall 
tl'iclciesD of l/l6*’ could bo prep -.red bjr tbic sintering’ 


operation. 


11*2 Hosting a:ad Calibration; 

Initir.iiy blrjuc nine were i.iadc to find tleo voltage 
tonperaturo cb ,:oa,ct::;risties of tno tnor:.:ai ana,iyaiL set up 
and to detcrr'anc how slow Iieatin ; .and ccoli:'.,.^ r-rtes could be 
achieved with the two-lryer f’am.acc asseribly, She powruc 
Supply to tie furnace was raised in step;- of 2 volts and the 
furnace was sa^-owed to st-abiiiso its temperature before each 
successive increase of input voltage. t enpcra.turcG 

attained corresponding to different voluages are listed in 
a la-ble in Appendix: I. In the lew tompora-bare re-:p.on (u.pte 
about 800^0), the fnraaco usually look about 8-l2 nimtes to 
stabilize its temperature aJfter every increnait i-a voltage 
(2 volts) whereas in f-ic high tcrpera,ture re;.gioa ( > 800^0) 



33 


t'- o tl:.. j tr atal^ilian tcsipcratr/i-c tge cJ-'-q -:'c ■^— 2 •tus, Oz' 
iflmicj j, tlic t:-nper 't- '.ye c...? -V.r, funiaco 'iias rrdf-'Cd at t!-.? rata 
of 3~A^'Q/: lr:.„ iift.~r attai .in;' tj?o dooircd tciipcraturc tl'.o 

desired coolir.;_.“ nr I'.ar.tz'ja ; rates v.-oro obtained by ■.:li;;b.tl3?' rei 
sir.';' o::* la.. ..ndr.;; tb-. a <pii zd mita.pG t.,- t'<.o farnace, 11- a 
h r.tin;; a’'d ooniin" r'^tos cnv.ld be ccntrol-lc-d off octi-yei.j' 

'.7 t' iw n .taod, Por osanplo, r. o'eripc of t'te vt'lta;.;o tij about 
0*6 vo3.ts at 3.000^0 p:>;-cduc :d r li.-atin .; rate of rbor.t 
Si ■iT.rr'i', f •■•:.■' obtadnir:^: r. ccoiirr; r.-fco of l'''S/ivin nxo'zrid. tb.o 
saice tonpornturc, a ■?‘olta>vo clirii;;c of abort 0^5 volts 7as 
.'.inodcd, Por .oiover neatin.; or ceoliip; ret or;, fJ"'‘vll':r voli.a;.".) 
cl,.a':. 7 ec 0,2-0, A volts ovore needed, A c’"-:j.--c of vnlt'^.go by 
abooot 0,5 'v oitG pro.dnofd a ]a.oati;i •; rate of 0,5^S/:oin and 'j/io 
saiac cociir.,' ra,tc r.ooded a c.bang-: of inpv.t v.eiaa,,.e by abooot 
0,25 volts. The sroo'-fest hcatiiOi.-; or cooling rate achi-.jved 
o,boi;t 0.4'^C/o'd.n, Stij.l siov.-.er i.natin;: or coclinj; r.atcs 
could not bn acMoved fer -uL’.o f ';13.r)rin , reacon.s; (i) whcin 
voltage lovaor t'orn. 5^^ "^^as iiaprcssod or tlio third Dinmorstat, 
tho Iio.a,tin': or coo3.inr r.otcs could not be ccatrcllcd, (2) ^anc 
voltroetcro of sr.'-M.lor a’anro (0— i. ¥) Torero not avail.' tie, tjaa 
volt 'ore chaj.i..tGC co-j.3.d ^o-'z b:z rioasLircd acc’ar.atoly. At hijbor 
t enp eraturns ( 1500^0 ana aor;.;) control of beating ae d ccoiir-g 
rates -was rel-ativol.y oas.'; because of 'tbo incrcn.se in furr\aoc 
resistance. 
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Af1;'‘;r tcating of t4o firm-ce aGscr'bly, 

a test run wi';.a one of t'l ■ calibratin.^ cnocincriS ( G-ermaiiiuia) 
was made, 3.5 .. 7 'S of S9.9 percent pure gcr :,a?u.Lui, obtaiuod fron 
Semi SLc.mcnts Ina. , JI.Y, , 1/, S, A. , x^as kept in a -r" I.D.Xl’* 
lonj Al20^ cricutio smppliod by Headway Ccramios, Yaranasi. 

A sra:i3_l fused Gi3.doa Gli'-atii wc,g u.oed^ for protecting t’ic 
tji'jrr'.ocor.pic fr. ■■■ coning ijx con'cact witk the material. It 
was inserted into the matori.-'l an'' then tj.v. cruciblo was kept 
in the furnace, Ihe furnreo c. ember was aSGombled and the 
thermocouple was inserted tlero’ngb the top plate, The oystem 
was ovacuo.tod tc about 20|.i, Hg pressure and f3.uG;i d wit’’ ■nuri— 
fied argon gas 3,4 tines. Ih;-- chanbor X’/aS finai.ly filled x^ith 
purified argon gas. During the run, pueified argen gas wa,G 
allowed to floe' tJirougii th*- chamber as ’well, as tr.o th'r K)- 
couple assembly aixd bubbled tlxroxigh the oil bubblers at a rate 
of 4 to 5 bubblos/min and l bubble/nin rcsp-ecti-vroly. Since 
about 45 volts supply was needed to rai'Jc toe furnace teerpera- 

t-oT'-'e to about 960^0 (see Apperdix I), a stabilised stepped 

do'.T- voltage of 60Y was fod to the first Dirmerstat and the 
second Dijnm:;rst 0 .t (wit?:. 45 Y input voltage) was then continu- 
ously moifLtoz’ed to raise ti-o temperature of feimace at a 
rate of 4-5*^CA'iin, The third Dirmersts-t xjas sot at zero 
duxing the initj.al hjating up of the furnace. It was ensured 
thrt te.o furnace ci:a-ibor was properly cooled during ho.ating 



55 


up of tiiG furnucG, Ico t.‘a3 pi’.t in "tic tb.':i*nocr.uplp coiC 
juncfeion iDr-tU, Tho strip ch'.rt recorder uas calibrated an^’ 
connected to tl’i"; tLcrr.:ocoopie onif Eicasi':-.’in circuit* Tii'; 
furnace tenperature uas reused tc ebou.t 9lO®C uoin,. t}v-; ccc..nC 
Dirmerstat, Ihoii tiu; differertial vcltau'c ( uf. 5V) fre . ti..- 
third Dirm^^rstat was used for further eic'.; heating; aid 
coolin:;^. In tlio first ruinj a 3i.eati;'i . raoc of 2'^C/:iir!. was 
used. 'tA tuc output eirf was plotted or tl_.. recorder, A S’-aP.i 
tiornal arrest was seen X'-oariu 8.85 rnr cv.f' output ( cerreospon— 
dinj tc about 940°G). So, the fur-i.-.cc was allowed tr rise 
to only 950 0. Thou it was c'olid siov.ly at a ro.to of 1,5 0/ 
■^•iii. This time, a c-.:'ap-''rativel 5 ?' large tl. rrnl arrest was 
found at 8,86 hv. T': I'lke the ticr-ni arrest still i^'rgor, 
s.lowcr hoatine; a.:d cooling rates (l^C/:.iiia, 0.5°C/ain nvy l 
0» 4-°C/niii) were used and the tiu ^ t:r jpex’'atu.:cc curves wore 
traced on the rocordor. A snail variation in the crif of tlve 
arrest point, + 0.015 around the near value, 8.85 r~v, was 
found in different heating and cooling cycles, A cooling curve 

obtained with 0.4^0/nin cooling rr-.te is shovT_ in Fig. 11.5(a). 

After the thcrrial an.~aysir: rams were rTa,dc,bcfov:*o shutting off 
the fumcce power, tZii val.,vcs near tlic oil-bubblers wore closed. 
This x-jas done to prevent Sucking up of oil the furnace 

chanber or into the th.orico couple assanbly duirln'i ccoiiigg of 
the fumacd. Then, the fiu-nuce was alloired to cool by putting 
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off tho. po’.vcr Dtipply, 

Caliljrj-'.ti on ic u:-ur.lly aadc •ngair:."i; t-ic ncltin., 
poi:"tG of p'aro inotaio. Fo:? calibvatin.-, V\' t\'.-’n'ocoupl’'; ± 3 '. 
tao temp era-bar;*? rrn.gc of int'rrcct (1000^G-1400°C) , jgciaio.nima 
a-nd gold having mo3.tir- ;• poia.tG 937.4''C and 1065^^0 tjorc uGcd* 

Tho- tMrd calibration wao plann.'d vd-th Giiicon bavin;:; a nolt- 
ir._; poiat of ldlO°C. Sut, d'j.:,. tc tin -ugc of Gcrinloss Gtr-cl. 
thornocoaplo Ghoath, niiicon co-uld not b? uGod ac a coiibra- 
tion r'a'l; ?:rn.a.l b^canoc tl a? naltin;; point of ctainloSG ctccl 
( iil 1420*^0) ia vc;:*.:' clone to the noltin_, poin’i: of silicon. 

Since no o.-uh ■•r r'.c:' -reactive pure nctnl with o.cci\3.-rtol;r ki'.owi 
ncitin;, p;)i:'t i:-* t.-., tc-mporatio’j range or? liOO°G and 1400°C 
waG availr-bio, it b .cano i'cccGsa.ry to uoc an catoctie alloy 
of la'iowjo cutod'tic pci''t,^ Eg— 20,5 wt, percent Si eutectic w-g 
fco_nd suitable fo;.- t}.',c preoent w?rh. There ir* Gene \incortaint 5 ^ 
in thr. reported eiitcctic tonpera,-burcs of Ee-Si ( 20 "wt per- 

cent) a3.1oy. Houghton eond Beck '• (5l)> iioing high purity 
nr.tcriaici , reported an eutectic tenper- -ttiro ox 1195°C for 
Eo-20 wt, percent Si, Muo-aicani reported a tcr,:pca?a-burc of 
1205°G f;jr Ec-23 wt percorit Si (52). Ehragnon (53) ond 
Oaawa ot al, (54) reported an eutectic tcmpara,ture of 2.20Q^C 
for the Ee-21,2 x-’t pcrccrit Si ajii Ee-22 wt porcont Si all 03 !-f-; 
resp actively. Or. f'c basis ox these da,ta Ha^GO’x and 
'Aiedcrko (55) hao shexm the outoctic tojoporainiro as 1200^0, 
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The orj-'.c to':'por''.ti..'.rG a pc.'.ci'blc nj .ccrt:,l:'ty of +5^C ha..’ 

bo’cai used in this crf.i'bnatior. as the oa.toctic t'.e-pcirr'.tunc of 
F 0 -- 2 O .5 ">-t percent Si, About 15 i?"-'- ox the eutectic alley 
uaa propr-.rod by arc ncj.tir.;' electrolytic iron flakes obtai;e.i(-. 
from Gall'’rd Sch cioinncr L'fg, , Go,, r.Y, , U.S.A, md Qilicc:’-. 
obtained fr .n Scvl Ele;"-e.'.ts Inc,, il,T, U,S,A, 

I-i ti'c case of C-o and the Po-Si alloy, the arrest 
points t-TGre f>u.nd to drift ; cnouhat and hence noan •yeluoc cf 
thor.;ril " 3 srcct onf of all tlie- heatir.,- a: d ceolirou’ run- wore 
used fox’ tln.'.mocoupl". crlioi’otion. Per d" Id, no varit-tioi. 
in the arrest point was obscx'vcd (P.abl-e II,l)» ¥ath t ec 
help of ti'c Itnovns neltinr; to'iporr-.turec and t' e thcmoeouplc 
enf values corr.-.spo.-diny to the ther'-l arrest s, a cali'bx'a- 
tion cuirve. Pig. 1 1. 6, was drawn. Since thr- was sono 
drift observed i'. tno tliomrl arrests of G-o and P.,.-Si all-y 
and bocaiihc tiiere wa,F: a s^-xll U-ncertainty in the reel ting peii-.t 

of Po-Si alloy (uncertainty Units arc aOeon,-. by horizontal 
and vertical bars in Pig. II. 6) the tenperaturo neasured with 
tine help of the t!:ier.-cccuple T-d-ll have a srwai uncertainty. 

It is, however, clear frore the calibration curve th.st this 
uncertai:ity is snail, about 2ho tlicrr ocouplo was 

Cralibr<atc4 on3.y in the ten-pcrattiro rreigc S30°C to 1200^0. 
lie v' over, fror .1 the snocoluscos of the ccliora.tion curve, xj i— 
ex'oocted liiat it can be extended safely i/O abo—*# i35G'c 01 


1400®C, 
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2Aj-:i3 11,1 

I.-.'.p.rr'.ccjLipi'.j Caiibr^ation Daba 
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G:-iAP2]iE III 
ilPiiSaiiJl.Iil Pf^OCDDUaS 

Ihe prone:'- ’’j irivcoti-yotion ir.V'-lvcd tl '; doiiernirir.— 

tio’i of 

1. Pli^.-no oqu_i3.i'orir. ir. HI-O-o— Pn oynto..: 

2. SciiduL ar.d licrj-du;- tonpcro.intvi'^ of iij.o 

(f-iorn-p. A: oPyair:) 

3 . Ouri Torporatiiroc 

n.nd 4. So,ny nxi:. of ni'vp'.otizo,'i;i''C''i. 

PhaOG Equilih'rl?'. in RB— Oo—Po Syofoo; 

Por ostablionirii:’ tno phase cqui3.ibri.". in 5Il~Go-Pc 
systoa, tl'.c oxpori'-ior'tal procedure foiiovrcd cr-nn-iotod :f t^io 
follo'rin:^ steps; a) Mel tin;: of alloys', b) io nsraiiii^, 
c) EotallOcjraphic aiialysir, and d) I^ray diffraction an: '-lysis. 

Melting; 

Materials Preparation; She alloys ■were nrepared by ■nsi.-.g 
l) Ilisclinotal aippliud by ?«Iischnotol '^nd Pi.ii^ts Pvt, ltd,, 
Allcppey, iCerala, India, contairJLr.^ 85—90 wt percent Rare 
iSartli (HE), 6—10 wt percer-.t Ix’c'n (Ro) an.d 1—4 wt percent 
inpuritics and the r-^rc orr-tli composition wr-iJ Co: 45-50 wt 
percent > la: 20-25 wt porceet^ Ed; 15-20 wt porcenti P 2 *; 4-6 wt 
percentj Sn;i — 4 w1; pc??ccnt 4 T and oti:ers:i -2 wt percent. 
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ii) Coba.l1; (99£S porcGr.t) cuppli-.d by Seri. Slcrvrr-.ts Iiic. , 

H.Y, , U,S*A. ai^d iii) Electrolytic ii-op flatcG (39»9 pc;reo'it) 
nupplicd by G-allcrd Scholoi:r;ier I-Ifg, G?-,, r«Y. , U.S.A, Since 
t4c Gxa.ct ro'onr.tG of i'.'dividu-^l rar'c- carf oireo-r-tc in nicch,- 
L:ota]L ■wore not Imo'.r', sne average C'_npociticii wa : aGDei.-'ed 
b'-.Gi}'g on tie aupplior*G coealyaie give:, above. Tho' avera.:;c 
cO'mpoD5.tion uoed feo* calculn.ting tlie rare oa.:-'t'.i noloc'al."r 
■;:ei,th.t ir. rdachjE.etol (iWi) war, 90 wt percent total ibSj 8 T.'t 
percent Eo ajed 2 vrt percent ir’.piiritios and ttie individual rare 


earti'- comp oalt ion; wore 45.21 wt porcoivt Co, 25.31 wt porcci'.t 
La, 18 j 3 wt poz’CG?ot Kd, 5.13 wt percent Pr, 2,55 wt pGrce;it 
S:i and 1.55 ’rb perc'.';.t Y, The cal culm ed rare cartl'i nolccul.r 


wcijd'-t on tl'ic bnsiQ was l4C.ll go'xn Yhif- i.^olocuio: 


weignt 


of HE wau used in all calcu.lr-.tiona of tb.c amounts of PdS to 
TD O xC T differ cat alloy coLipo'jitio;es, 

Ike niscl-notal as supplied wa.D ir. the fom of bis- 
cuits coated with grease t- protect it fro:"', atmospheric 
oxidation, Boforo cutting the mischmetal to pieces of required 


size, tiiu -grease was x’erovo-d using acoto' 
wore the;! ground to remove any oxide irgr. 
The pieces were wei^h-od accordir..g to the 


e, The cut pi oc -os 
r that was present, 
elloy composition su 


-as to m;:ko the bctal amotu-'.t of adloy between 25 and 30 c?'iD 
and tho weijihsd pieces were &cpt in c.cotono till they 
used for rroltiiig. Cobalt \ms i.'. the fom, of a cast button 
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oiid it waG cniG^icjd tc pioccG of i*c(:uij.'’ed Gizc ’jioiiv’' a hoj r.wi?, 

Ii’on wac i:, tuc f .ar ; of f3. -icoGj taey i.-'oro :;Xouiid tr rcnovc 

tho tr^ OGG of niGt, 3;:\e aEouatc of ii-cr. oo'b"lt rofitiirod 
for a given r.clt vrcrc ■wci,;:;Gd cut ".rd lent Gcpr.ratcly till 
required fer r-oltj.:’.':.. 

Molting 5tir;.:acc: fh.r. factors to be conrd. derod ir. a liolting 
op oration arc : nol'^Tin:; points of t’.o c 3 . cnonts, oiaount of 
'.''itoriai to be ^icltod, reactivity of ti'c ccrpcoiaatG , cor.tpjoi- 
n. 'tir. , fr'c.i cru.ciblo uat>..ri''i. ITho ■nel.tiny poij.ts of the 
tjxcc conpenentr' in HS-Go—Fc 0 . 3 .l 03'0 arc 900 '"C, 

fo; 1559*^0 arfl Go:3-492"^C, Out of tboGc tlooco i'c;tnLc, niDch- 
rictm is very rcactivo and la repertod to react nitli even, 
aluiiinf:. cru.ciblca (50), bo, it va:: tl.ou.^ut proper to cariy- 
out t.’'.c .noitinn imdor prctoctivc argor. a;I>n_ocplicrc and without 
using a refractory crucible, A water coc’icd copper lioaotd. 
arc furnace with ;-c:i-ccn.n\uoablo tungsten clt.ctrcde was 
cc-isidorod to be the best nelting fiTivoacc, A:', available 
D.G, arc fura.acc was t’^us mile use of f':'.:r nelting the SB-Co- 
j?o clloyLs, She cxuciblo a;iC. the electrode were o. closed i:. 
a glass chanber which could be ovacxiatcd and a;'’, inert gas 
atnospherc could bo nintained in it, fhe cj.ectrcde was 
fitted tc the top nctaC!. pert of the ^.ass chartibcr t}irou. 3 li 
O-ring joints so that the GT.cctrodo could be rcioed or lo'.crod 
with the help of a screw. This w-ar; nocesnary tc adjust 
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t>.c g-r',v bcttTGG.- t',,.:; C3. ;.ctr--de ttc che.rzo (u.D-^rlly 

botvrccn l/S" to l/4” ) oo tho/c arc crralo b.:’ Dtzv.elc ".•Jitliovit 
t-uching the ciiaxg:; with tl:o o3,octz*C’dc* It ojM.izi'od cl got., 
ocr.taiTiz.ation Troo : rcitiiiT:. ' A D.C. .arc xj-adeir (lOOO -jop::, 

40 Y) x-iraG uCiod p,g tho arc p...wcr cxippl", different 

cciitreirj - ctart mcl wold cczitrolc - varyizi-^ tf o ireidia. , 
cpjrxcnt fre-n 500 mpo at 0 to 1000 p.i 2 pr- ^t lOG oo ti.c cortr'. 1 
dial wo’ro available, With tie help ''--.C thcac cezztrclc th-. arc 
proGS'aro o-azld he cc".tr 11 ed^ A't autzeoatic tincr (0-3,80 secc) 
•‘.;hich could be cot accnrdi.T:.’; t : the roquio'od duration of ; .elt- 
i;‘.i ;'5 XTO-O a3_co sv''alrbl:.; in the weldor ctert circuit ce ac to 
chut off the arc currait ritor a prc-aeicctod tine. 


Gac Purification Syz.tcn; I':o ccerzon bottled argo; gao 
containc reoisturc and oxygon both of wlich are dctrin-zaital to 
the Earo Barth aD.lojT'G, Pxance, it had to bo f..rthar purified 
before putting it into t>-e arc furnace chin-ber* Por tMe 
purpose, a gac p’arlfica.ticr, cy^ion xfaG ccnetru-ctur^Td, Ac gacach 
in the block di.agr''ja (Pig* III,l), it ceraGiGted of eoveral 
CaCi^ and ^ 2 ^^ aboerbor tubcc end funit'ccc with C5u turiiizzgG 
an/- Pi clipn. The Gii turzings a'i.d the Pi chipc wore kc'';t in 
four i’* dia x 50" long quartz- tuboG GV-..-r a Itwgtii -af 6" , 

Phe quarts taboo, in ti:rn, wrxre kept in a 2" din x 15" lozxg 
izichroizG— xfcui'.d furrzaco, i’ho fizmace wa-r- kept -a.t •700''X 00 that 
ti c titmiun ronained in the a state (bccauGc it has hij.-.er 
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F1G.IIL1. BLOCK DIAGRAM REPRESENTING 
GAS PURIFICATION SYSTEM.: 



solubility o:? Op), at tbo sacio tine the reaction ra-te bct-’^esn 
ox.jgS'A and 6u tuminys or li chips accel.erated. Argon gas 
from the gas cylindez* was massed tt rough the CaClp tubes tc 
reraoTe t’'e bulk of the noietare and treii tl rou,. .!i hot Ou 
turriings to re ■.o^^'e and traces of H^O. Ihe gas v/as then 
passed ttr'enigh Ti chips tc renove 0^, 2^2 ^^'2' 

finally passed t':ro.:p’', CaCi.^ and 1 * 2^5 renove the last 
traces of iuoisture. !El;iti> gas was used fc:-" flushing and finai 
fillin.g up of the arc furnace chamber. 

Melting Procedure: i'h.e weighed materials were always charged 
in the copper crucible in a particular sequence so as tc keep 
the evaporation losses the sane and at the ninirnum, Miscii:i..ta". 
wM.ch is the lowest ras3.tin; component (lupr, u-"- 900°G) ajnon-;^''- 
the three components, i-l., Oo and Pe, and has reasonable vapour 

pressure o.t l atm, pressure, was always kept at the bottom 

and was covered completely by iron and cobalt pieces. Phur, 
initially, the arc was always struck between the tiuigsten 
electrode and an iron piece kept at the top. Before each 
molting operation ti?c- furnane chamber was evacuated to about 
20p, Hg pressure and fi.ushcd with purified argon gas from tlie 
gas purification system. This proceduz'e was repeated 3 or 4 
times to ensure removal of all the air from the fitfnaoe chanber 
Pinslly, the fui^nace cl.amber was filled with puJ.-lfied argon 
gas. In the first moltin/ih by setting the start and weld 
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controls at 12 ancl 3,0 res;j:;ctive]Ly , lo'er arc pressure was 

used to avoid sputterii\;_ oi: sr-iall pieces of rxr,terial« Tlic 
ti;-:o was set at 20 secs to have a sio/i; riel. tin,., ti. 3 , But, in 
toe subseousnt me3.tinj:s of tto alloy button t’'.o start and 
wold controls were set at 18 and 15 respectively and. tlie 
txmer was set at 30 secs so tl-at hiy^’er arc pi‘css\ire and 
longer mol tin-; times could bo used fer proper ];.oro£:e;zizatioii 
of the material, Eac i al.loy was melted 3 to 4 ti.ies anc. at 
each rcmeltin.r th.c -'.Hoy button was put upside down so as to 
produce better homoa©uJ.Kation, After molting, the alley ^I'as 
weighed to find out the total loss. It was found th't the ruui. 
mum loss was less than 1 percent. Some of trio a 3 .l 03 rG were 
chemically ajaalsrsod for Ee and Co to choc;c whothei- or not the 
alloys xiiitli compositions close to tne intended one could be 
prepared, 

Eor phase antl. 3 rsis of the alloys, tho alloys had 
to be properly homogeni?. ed before thej/- wore subjected to 
x-~ray diffraction and metallograj^hic analysis. Since the 
a3.1oys were rather reactive and each metnod of analysis was 
spread over several days it was necessary px*otoct thcaa from 
oxidation. For storage of the a3.1oys tin they were needed 
a vacuum desiccator kept at 750^1 Eg pressure was used. 
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A3mer..lin,i:t The- as cast scjnplcs T-rere hroken into pieces of 
s-i^itablo size and tiie sm-faces of tic pieces we:ee grc’C-nd to 
remove any oxide that icijat have formed durin,*? meltiadir or sto- 
rage, The alloys were sealed in evacnr.tcd ciu-r'tz tiihes at 
a pressure of 20 x lO m Hg. Sufficient space vas l-aft 
het’veen the ifalis of t^-c ouartz tuhos and the samples to avoid 
creak; -.ge of qua'-’ts. tiihes do.e to thermal expansion of the a3,loy 
pieces, long pieces of an alloy were put, whorevor possible, 
because the small pieces h^d a to?idency to get stuck (mocha- 

nical ja/j'-ming) in the o.W’Xtz tiibcs leading' to thdr breais ge 
when heated. In a batch, five to six such quartz tubes 
containinci' different a3.loy samples -were annealed and proper 
care was taken to identify them. In tho boginniiig, the arc 
melted alloys were heat treated at a reasonably low tsmpcrc/fcurc 
to see if any problem, lijso rec,ction -with guaj?tz tiibos, oxida- 
tion in th.o residual air etc i-xas encoimtnrcd during annealing. 
Initial anneolingr v:as done in a vertical, tube rosistanco fur- 
nace at 500‘^+1°0 for 5 days. The nilos^s -^.-ore quenched in 
tap water, IJo reaction between the q-aurtz tubes and the 
<ai.loys cou.ld be detected. Some of the alloys after thc-ir lo’r 
temperature anneal.iny shovred three phases while the sa.me 
samples showed only two phases after arniualirg at 900°C for 
5 days indicating' t.liat the 5 day annealing a.t 500^0 wa.s not 
sufficient for homogenization. Subsequently, it was found that 
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0 . 4 day ai^nca.! e-t 900^0 (or or tiire ai'^ncal ,?t 900 °C) ;:;ror'ucoc’ 
tlio cainc lai ores true t-?jv;“c o:.? tiio alloys as thp.t in a 5 ot 
a lonjer a.ineaj. . Renco, all alloys were amcaied at 900^0 


for 4 dais's are. finrlly quenched i.".'. tap T-ja,t3r. 2ho aincrlcd 
alloys were also stored in the ovacu;,tcd desiedator. 


Metallographic Analysis; A sricOl and representativo portion 
of tho annual od aHo 3 r we.s taken from tlic annealed saj^ipl'e for 
mctallosrap’iic pn:l;fsis. A vertical section from the noltod 
button, which would shot: up any se 3 jrc.;.;a.tion or inhomonjoncitj’' 
of the phases, was aenerally soi^octod fox* tUs purpose, ->u 
samples for motallo^’rrphy were mounted in incite, fho nountod 
sampl^es wore polisj.sd on l/O t^'rough 4/0 enory papers, 

Finall 3 r, the sanples trore polished on a wheel covered with 
nicrocloth using 0,5u alumina powder suspended in water as 


the abrasive. After pclisliing »th8 samples were thoroughly 
washed I'd-th water, x’inSvod ’h.th alcohol and dried under a high 
speed blower. The sampi_cc wore chocked under an optical 


.microscope in the ac-polished condition to detect the presence 
of inhcmogenGitice a^.ad oxides. The polished sriaplos were then 
etched to reveal the microstructuros , The etching; rcag'cnt 
used (I'.ital) consisted of 2,5 ^1. cone, HRO^ in 97,5 H of 
pure methanol. All tre samples were etched to the sane extent 
so that different samples processed in the sane nrnner could . 
be compared. After ctcliinc, the sa" 5 >les were thorou.^ljr washed 



47 


with water, rinsed wit!- aj.cohol and dri..d ■’.me'. or a b3.ow:'-:c. 

I’h':.' CDncon.tration oo tl’c acid in td.c etcLant ‘nd tre otel'd.nct 
ti;ae -sfcro varied dor co'-o of the scjripl. ix tc obtain b:.,ttsr 
contraat monii the phr'oee, A 1 pcrcc.n'i; ritej. sclntio.n wreo 
found suitable for rcvoalint three pleases in some of the 
3- ph.ase alloys. 


X— ray Diffraction Analysis: About 3 to 4 gms of thio aemeai.cd 

sample wr.s used foi' x-ra^’’ diffraction worh. Most of the 
alloys were very brittl>. and so it was oas^- to prepare -300 
mesh powder usinj stee3. and agate mortars and pestles. But, 
some of the high Dc alT. 03 ’'e i:ero found to be comparatively 
tough and grindin; had to be continued till t.ho whole meterial 
passed tlirough the sieve. Since the diffraction patterns with 
the as-crushed po'wder produced sbr'xp diff reaction lines, the 
powders were not aemeaied before t.aking diffraction patterns, 
For ph'Se identifica'&ion, the diffractometer patterns 
were obtained usinp a 0,E, XRD-6 diffractometer with unfiltered 
Cr-radiation at 30 EV, 17 piA, The criterion used in choosin,; 
the diffractometer in comp.X'ision with -the Debye-Scherrer 
technique and the radiation were : high resolution of the di- 
ffractometer, high resolution du-o to the long wave length of 
Or-radiation and shorter time to obtain a diffraction patter’i. 
All the diffraction patterns were obtained in the antiUlax xange 

of 30 ° ^ 20 h 145*^. The diffractomotox conditions lised in 
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recordinj tlia diffraction patterni^ Tfsre scanni.n,; spe';d of 

Slit s^'ste:-. 5® iSi 1®/ 0.2°, tin.- conotan-t of 4,0, 

a ranre of 500 cps rn-' a chart sjcr.d of 30 J'.rj:, Unfiltered 

radiation wao need sc that the wea?: pca*'t could ho detectsd, 

SoEi-e of tho very weeJe poaito, iio'^iever, could not ho clcnrly 
oce:i in the diffractonoter traces hocanse cf rcasonahl 3 r largo 
noise in the recordinj., sy:.to-', For phr,se anrlysir. tjio diff- 
raction traces of piiro cr nearly piire phases were used as 
standard patterns for ccnp?rison with other diffr.action tracer, 
She diffraction patterna of pure or nca-’U.y pu:re phr.ses were 
tahoa usin;; a 114.6 m dir. Dohye-Scherror Canora. fhese di- 
ffraction patterns wore u.sed for proper identification, 
th 2 *ough indexin_, of the diffraction patterns, of phases. 

An exposure of 9 hrs. with unfiltered Cn-radiation at 30 iCV 
and i5 gave good diffraction p'-ttc'-ns. After t. .e x-ray 
work was completed, the. powdered samples wore stored in 
evacuated aird sea?.od pjorox glass tahos for future use. 

III. 2 fhc;rm.?l Ar.alysis: 

Por deterr'-ining the molting points of EB-Co-Pc 0 . 3 , 103 ^ 0 , 

the thormcl • analysis apparatus descrihed i.i .Jaw- 

used, Since the RS— Co allo 3 n.< are srepoirted to react iviu.n 

Ai^O, crucihles ( 50 ) spccil precautions w-ore taken to avoid. 

■^'2 3 

ds-mage of the furnace assemh 3 . 3 r duo to seepage of mai/C-i.l 
tlirough the crucihlo. Two concentric, sintered AI 2 O 3 crrcihlos, 
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:?-nstead of ona, xrore for koepinf; "thw ;natcrir.:i. Since ii.,- 

molfini poi.nfs of "f io inveBtigatod ■fcernr.r;' cO.loyo could not 
be guoased from the binr-rj^- Svotens, for the first trial run nr 
alloy wit;." th.o lo^’-fost Fe was chosen. It was expected th’^t 
its aeitiu; point would no!; bo far fron those sl'.o^-.'n by t’ee bi- 
::i.-‘ry dir.jrr.rr. , in. avail' to], o SS-Co-Pe two-phr.se ( eonuairdnr; 
R5Co^ and PuS^Go^^ typ:; ph,-.ses) alloj- wit.'i least amount of 
Pe was chosen and ij war- kept in the locally made Ax^O-^ 
crucibles. After keepin.^ t xe crucibles in the fnAn'',co, tho 
fu.rn'-oe chamber ■.‘as evacu- ted an.d flushed with argon gas 3 or 
4 times. Since th,..’ tner 'toctjupi. e was to bo protected with a 
ti'dn Ai^O^ sli ;atli and it was not kr.o’.ra. how t oi.' thermocouple 
snoath would hch;’.ve in the molten RE alloy, in t.ho first run 
it was kept outside the molt. The f!....rL.ace was heated u.n siowiv 
and wiion the temperature reached about 1550^0 (’nio'.ai fro;.' 
tno applied volta'jc, see Appendix I) t'ac ther;. oco'iplo along 
with its protection shoath was pushed into tlio molt so as to 
start ther-'ai analysis. But, thi.e attempt was luisiaecessf'ui 
because the ma.t eriai in the crucible was found to bo in par- 
tially polten condition. Later, a relatively pure iR:(Go,Po)!r 
alloy close to tho binary (x-Jhieh was ojrpoctod to have lower 
molting tor:poro.turo) was used for thero'ai analysis, fliis 
tine, tJic thermocouple along x-?ith the 41^0^ shoath was kept 
inside the raat.;riai from tho begiirin ;» fher.irl anrlysis mm 
was made following tho ps'oceduro given in Oha.pter II, 
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iil.3 0v:^±z Sei-peralT'-i’c Ileo-Suroiicr-i;; 

Por determining t^.o Ouii-o tenperatar cs of iffl-Co-Pe 
alloyo, an apper'a.tna fabricated by P. C* Kittal (57) was used. 
It essentially consisted of a sm-^ll nichrome-wo-und furnace 
kept in a vacuum chamber - a pjorcx g?_.ass bell jar with a lo:i. 
tub" at its -f^op, A sealed end bras^- ty.be inserted into the 
fn.rmacG cha'iber tl '.rough an ’0* ring joint could be moved up 
or do’;''!! fer lowering f'r r'aisjlieg. the sai-ipl’o.She ■cx'.irBlo was kept 
in a quartz -tube hung from the bottom end of the brass tube, 
Por measuring the temperature, a thermo couple- was inserted 

into the material tb.roUi;.h- the brass ttiboj* an alumina, sheath 
was used fo.r protecting tJ]." therriO couple. An induction coil 
kept over th.; long tobe po.rtion of the chrmber ■'.^as used for 
determining the flur ch.~ngo as a function of temperature, A 
differential metliod was adojt ed to measure snail ch'-nges in 
i'nduced voltage, A rectifier circuit with, provision for 
contiiVvioue balreicing of the rectified vclta.ge to a near null 
voltage -was used for converting the A.C. signal tc a h.C, 
signal, i'hc D.G. output voltage from the; rectifier circuit 
■was amplified usin ’ a D.C, microvolt amplifier -with various 
D.G. ranges (O-lOO^iY full scale to 0~l000 V full scale) and 
recorded on a Sargent Strip chart recorder. 
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recorder. Sufficient caj’o was taten to prevent the vacuum 
chamber from gettin.^ heated up, 

III*4 ha.fT'-ttic Easy Axis Determir/'-tion: 

As has been pointed out in th'. iiitrodv.ction section, 
th*-. easjr axis of .:a .j^otization of EECo^ and fiE^Oo^,^ alloy:: 
are either alon.-^ the crjr' taP.lo graphic c-axis or in the 
basal plane. If the powdered samples consist of sin.'lo 
domain paxticles, then in a small ms.._-,n.etic field. the looeo 

powders are expected to align themselves alon^, tlio cas;. axle* 

Ir. sich oriented samples, the particles will arrargo tlaenoclves 

with their easj/ axis along the direction of tiio magnetic field 

but will ha,vo raiidon ozientatione around this easy axis. 

Ihis aligned specie si is thus siralar to a sample with wire 

texture. Hence, the oriented specimen diffraction pattern 

should show sinilar* strealqr pattern as is obtained with drawn 

wires or fibres. Thus the easy magnetisation axis can be ^ 

determined in the same way as the wire axiL^ is detomired. 

Her preparing the oriented sample of alloy 51, a 

small amount of —300 mesh powder was taJeon on a caxd and a 

small SnCOc magnet was placed below the card, A littl>.- 
5 

jugglizig of t!ac na^pact produced short thin napxiGtically align .r 
needles standing erect on thj card. tChese needles were frozen 
in by sp3zaying ki^'on clear- plus tie spray on thori* Ihe rngnet 

wtis then removed ad the needles were renovod by scraping the 
paper with a sharp razor blade. Of the large number 
of needles produced, the thinnest and the most 



uniforr ono ( <3.otGrr’in-.d oy v'-.Bv.cl. obso^Tr/uion) wao nountcd 
in a 57.3 rjn dir. Wcissenborg Canera, anc*. a, powder patbem wa.s 
recorded. The diffraction pattern obtained sbowod basically 
continuous Dobyo rings with, indications that somi; of the diff- 
raction li:'i.3S have :.\on— uniforii intensity;' di^^tribution. Since 
the alloy 51 wa.s soiic-wbat tough compared to some other alloy;- 
of higher RE co?ete:.'.t , it was thought tb t the surface layers 
of the particles might have got some plastic flow durin^, thu 
mcchae,iical grinding opv^rr.tion causing appaerent randorieoss and 
hence were producing continuous Eebyc rij'.ys, lo remove the 
disturbed layers from th..- particle surface, the alloy powder 
was subsequently etched by 5 percent nital for 50 secs. The 
diffraction pattern', obtai.ncd with the etched powder showed 
clear streaky pattern as is e2q>ectGd free a well aligned 
specimen. After locating the ideal position of the diffraction 
spots on the intensity strealen of the diffraction pattena, the 
position of the same spots on a flat fil'i, kept a.t the sarae 
distance from the spocimen as the- cylindrical film, was deter- 
rained by jeonetrical pri:iciples* Then the standard procedure 
for wire texture determination was adopted. 
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caapTER IV 

results ael Discussion 

IV. 1 Phase Equilibria: 

Some of the rare earth elements present in Misch- 
metal have con^lete solid solubility whereas others have 
extended solubility among themselves (55). Eor an indivi- 
dual transition aetal (Mn, Fe, Co or Ei), the binary eyaten® 
with different rare earths exhibit similar binary phase 
equilibria* This is in general true also for the non- 
transition metal-rare earth binary systems. Hence, when rare 
earth elements are present together, as in Mischmetal, the 

phase eqxiiiibria is expected to be similar to that of the 
rare earth binary systems. The work of Fishman and Crowe (34) 
on the MM-Mg system indicate that this assumption is a reason- 
ably good one. Assuming that the above observations are in 
general true, the MM-Co-Fe system can be represented as RE- 
go-Fe system, where RE stands for the rare earth elements 
present in MM, The RE-Co-Fe system was studied in this in- 
vestigation through metallographic as well as x-ray diffra- 
ction techniques. For phase analysis by x-ray diffraction, 
standard patterns of the RECo^ and RE^Co^^ phases (57) were 
utilized. The phase analysis results of the 900°C annealed 
alloys are tabulated in Table IV. l. The isothermal section 
of the RB-Co-Fe system drawn on the basis of -Hie above analysis 
is represented in Fig, IV, l. Some of the alloys were 
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I/iBLE I¥.l 

Phase Analysis of the EE-Oo-Pe Systen 


Alloy 1 
No. 1 

I- 

I 

J 

iK^endod Oonposition of;, 

Alloy in at. pet, of \ 

- ... .. . . « 


Phase Analysis 

Metallo- 

graphy 

* X-ray Diffraction 

{ 

1 

- - - 

RE 

1 Go 

f.-.-. 

! i 

8 

l6«66 

65.54 

20,0 

5 

RE,^0o„+RB0o^+S 

2 7 5 

12 

o 

* 

o 

CM 

65.0 

15.0 

2 

RE 2 G 0 y+SECo^ 

14 

20.0 

60.0 

20.0 

5 

RB20o^+EEGo^+S 

15 

16.0 

64.0 

20.0 

5 

RBgCo^+REGo^-l-S 

16 

15*0 

60.0 

25.0 

2 

RB2Go^+S 

17 

15.0 

55.0 

50.0 

2 

RB20oY't8+A 

18 

15.0 

50.0 

55.0 

2 

S+A 

19 

15.0 

45.0 

40.0 

2 

S+A 

22 

17.0 

45.0 

40.0 

2 

SfA 

25 

15.5 

46.5 

40.0 

2 

S+A 

25 

14.0 

56.0 

50.0 

2 

EE2GorT+S+A 

28 

12.75 

47.25 

40.0 

2 

S+A 

50 

15.0 

65.0 

O 

o 

<M 

5 

RB 2 G 0 Y+R 5 IG 0 C+S 

51 

11.75 

58.25 

50.0 

2 

SfZ 

55 

18.0 

55.5 

46.5 

2 

A+Y 

54 

17.5 

52,5 

50.0 

2 

A+T 

55 

11.0 

54.0 

55.0 

2 

S+T+Z 

59 

15.0 

52.0 

55.0 

2 

S+A 

41 

12.11 

62.55 

25^54 

2 

S+A 

42 

18.0 

42.0 

40.0 

2 

S+A 

45 

l6.5 

55.5 

50.0 

2 

S+A 

47 

12.5 

52.5 

55.0 

2 

S+A 

48 

15.5 

61.5 

25.0 

2 

S+A 

50 

12.75 

62.25 

25.0 

2 

Si-A 

51 

12.0 

55.0 

55.0 

2 

S+A 

52 

19.0 

51.0 

50.0 

2 

EjB 2 ^ 0 y+A 

55 

l6.5 

28.5 

55.0 

2 

P+Z 
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c.' -liicaj.ly anaiyrSod, Tbr ii.1;cridGd a.nd a, .alysod coaposi’fcioiii; 

shown in 'lebl;. IV. 2 indioabo tb -i tlic losses arc c:-’all. Siac- 

■fcho analysed coripositlons are verj?' close to tic int.cided o:"..;s, 

tc'C p'lr.s-^ ocuiiibria aloiM i*.. S'!;!, IV. 1 .'as cecr. drawn o: 

tl' :; basis of the intended ooepositior.;- of loys. 

In Piyiirc IV. 1 several dasJi dot lin:3 en-e drawn alo:" 

sortair consnpeit ins contents to rcoror cut t ic Jiypoth-.tical 

corrospondin;; to tb^. Jii '^h cob -it RS-Go 

pbnsca.Qf those quaai-bi: -ry li:-e;S, the £B^ and linss 

arc drawn between tlie ilS-Oo and KS-i?c bnnerin,: b.-Craacc ir 

both these S3/ster.. the and -^2^17 pha,scG exist an?. 

extension of those phases fro-'*, one bii'-ary to the othK-.n .:n.,-r 

exi'-'t 0,10:- j these li:-ios. On the oth.-cr hand, the- o''cher A "B., 

X" l' 

lines are drat-m. only upto the raiddio of the ternary di:'.gran, 
(these A^.^^ compounds arc not foi.ind in the SS-Pc syctor.) to 


indicate that these A^^ phader. nay cxtc.id to sobi-o oxtert 
a.lor .,3 these linos. In tJiis investii.a,tio-n only a, part of the 
RE-Co— Po sjrr-ton wa.a S'uudicd, In. tne investigated region of 
the RB-Co~Pc s^retc; 1 , besides the A 2 B^,^ t 3 i)e phase, two joew 
phases, A-pha.se and S-pha^o, wore found to exic t, A . any the 
investigated alloys, only t^?o alleys, alloy 12 with 15 at. 
pet. Pc and alloy 14 with. 20 at, pet. P., were found to Ziavc 
the type phase as the raj or phaso.j the alloy 14 was 

found to have three phases (Pig. IV, 2) whereas the alley 12 was 
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T/iBLS IV. 2 

Ghenical xinalysis of Several EE-Co-Po Alloys 



50 

15.84 

54.34 

15.3 

54.C 

35 

46,42 

30,29 

46.2 

30.1 

41 

20.99 

54.04 

20.8 

53.4 





Pig, IV* 2 Microstracture of iilloy 14 (200 Z ) 

Photograph, shows only two phases^ HB^CoY^type 
phase (dark natr5.3:) and BECo^ type phase 
(bright second phase) 
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onl)' phr.ses, Sh.;':' SGconcl and "t'-iii’-d pl'ra.ses ±ii 
th ;3o alloy'- "wcr.^ in vopy snail ajnoiinls and licnoe, these alloyc 
could be considered as bo'nadajry alloys. Since tie- 
phase exists in the RS~Cc syste:..- of Ge, LcO. and Ild, t-iv, 
throe major componoa.ts of I-2-I, it is exirectod that th-: Ihl^Co,^ 
pha.se Gxis-ijs, The RS^Coij ' phase at low Ec concontrationri 
was not sty.di:d. Proa the pJiasc a-alysie of the ES-Go-Po 
alloys j it appeaxs th.at t.* .0 RSpGoY t,^,7po p.h.''.se extends from th;. 
RE-Go bii-.any npto at least abo-at 20 at. pet. Po. One chara- 

ctcrx.’tac foa'iniro of the oxtea.sion of tlie REpCoy pha.se in'uo 
th.e •. t m,.o.rji^ is that t!^. phase region dovi. tes from the hy- 
pothetical lino tovards hi.ther (Co,Pe) side. While 

no da.ta on 'cho please extension of tlic phase is 


a‘'/ailabla or. t io literature, some obsorva'-ions have been 
nclo xvith respect to AB^ tompounds. Bnschow (50) and Payior 
and Poldy ( 58 ) could not predneo sinplc phase samples of 
RE( Oo^__^Pe^)^ , where RE = Sm or Y, with longer amounts o;? 

Po (> 5 percent) unless the stoichiometry" wa.s allowed to 
shift towards higher (Co, Pc) side. 

fhe S-phaso a,ppcaxs to be Dta.bl: over a reasonably 
wido Po c one en'G ratio ns, 'The lowest and highest Po contento 
in th:. S-phr.SG were ostinated thorough tl/o micro structure and 
x-ray diffraction analysi-. The x-ray diffraction p.atter:_s 


of all 05 "D 8jl4,15 and 30 showed diffraction linos due to the 
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KEGo^ and S phases. On net alio graphic analysis, 

the Sane alloys revealed two phases when 2,5 percent Nital 
Was used hut on using 1 percent Nital three phases comd be 
clearly seen (Pig, IY.3), Colouration produced on one of 
the phases masked the third phase when 2,5 percent Nital was 
used, The alloys 8 and 14, out of the four three phase alleys 
contained the third phase EEOo^ in quite snail amounts 
indicating that these alloys were close to one side of 
.the three phase triangle. In an attempt to draw the 
three phase triangle, it was found that the three phase 
comer at the S-phaso is near about 21 at, pet, Pe, Thus, 
the lower Pe limit of the S-phase is possibly at 2l at, pet- 
Pe or is at a somewhat lower Pe concentration, 4.t the liiglac-r 
Pe side of the S-phase the alloy 51 has two phases, tho 
amount of second phase being very small (Pig, IY,4). The 
m-ray diffraction pattern of alloy 51 showed the S-phase 
lines together with a fow weak lines possibly due to the 
second phase. The alio;'' 55 ’also showed two phases, the 
Second phase was in small amounts and looked the same as tho 
second phase in alloy 51, Ihe diffraction pattern of alloy 55 
however, indicated that besides all the lines present in 
alloy 5l» there were some weak lines and that "Si e relative 
intensity relations of the S phase lines were not quite the 
same as in alloy 5l or alloy 5l diffraction patterns. This 
indicated that the alloy 55 iiad three phases - the S phasoj. 
the X phase, to the higher (Oo,Pe) side of the S phase, and 



Pig. 17.3 Mxcrostaructure cf iilloy 15 (lOOO X), 

Photograph shows throe phases^ phaso 

(dark matrix), £ phase (bright second phase) and 
hSCo^ type phase (bright needle like structure) 
which is in -T-ery small amount. 



Pig. 17,4 Microstructure of illoy 3l (200 Z) 

Photograph shows two phases.^ S phase (matrix) and 
X phase (bright) in small amounts. 
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the T phe.se, po.esibly at a higher Fe conte-it, The x—rap 
and metailcpraphic ote ervations on alloy 55 indica-te that 
the S p.hr.se possibly extends to a Fe content less than 
55 at. pet;. Pe, Tent-atively, this ihiic: has been sho'-rn in 
Fig, IV^l as abont 5 i at. pet. Fe. lietallographic observahic 
on alloy 51 (Fig, IY,5) and alio;'" 51 indicate f'at trie S- 
phase re,'"^ion is rather narre;:. It is .hno^Mfrosi the liter-a.t'.ii 
that ti:c H 320 o^,^ pha.se extends fron t'.-e hF— Co system i to t.hc 
^ 2^®17 bhase in the SS— .Fe bin'-ry (59)* Tho S— phase extends 
ainost parallel to the -^ 2^17 and is very close to it,' 

This indie. at es that the extension of the iiE 2 Co^,^ type phase 
must be to the higher (Go,Fe) side of t-ce -^ 2 ^ 2 ^ line. It 
is possible fiat the x phase is the ilB 2 Co^Y ph -se. The 

nniden'oifiJd diffraction lines in the diffraction patterns 
of alloy 51 aixi a 3 . 1 oy 55 "were too few to identify tlie x phase 
as tho Bjil 2 Go^f 7 tj.'pe phase. The A phase was fo'.nd to extend 
along the same dii^ection of the extension as the ES 2 C 0 Y t^^pe 
phase. Alloy 52 showed t"wo pha,ses, ahmost in eqxical amonnis, 
in the nicrostmoturo (Fig. IV .6 ) and the diffraction pattern 
showed the diffraction linos due to the A and RS 2 ®o,^ t 3 nDo 
phases. The position of allcji" 52 relr.tive to the ES 2 C' 0 ,^ t;pe 
pliase and the A phase indicates that f ic A ph.ase region 
extends at least doa?n to about 55 at. pet. Fe and the S 32 Co.^ 
type phase extends at least up’lc 25 "cat, pet. Fe. Alloy 53 




Fig, IV. 5 Microstructure of Alloy 51 ( 4 OO X) 

Photograph shows two phases^ S phase (natrix) 
and A phase (dark second phase) in snail anor’n 



Pig, IV, 6 Microstracture of Alloy 52 ( 4 OO X) 

Photograph shows two phases^ EB 2 ^o^type phppc 
and A phase (bright second phase) 



a'b 55 ato pet, Pe was found to have two phases, none of which 
resembled the A or S phases, She diffraction pattern showed 
lines which matched with the 2 phase lines observed in 
alloy 35a This indicates that the alloy 53 possibly has the 
T phaso and a phase vZ phas^, i-Jith higher EB content thfn 

the A phase. Since the alloy 53 has two phases, a three 
phase region between alloy 53 and A phase is expected, Cn 
this basis, the extension of the A phase region to higher 
Be side has been shown to be about 55 at, pet. Be, Alloy 34 
showed two phases in the microstructure (Big, IV. 7) and 
the diffraction pattern showed the diffraction lines due to 
the A phase and another phase, y phase, possibly a phase 
with jiigher HE content than the A phaso. Alloy 42 showed 
two phases in the micro structure (Big, IV, 8) and the diffra- 
ction patten showed the diffraction lines due to the A and 
3 phases. The micro structures of alloys 34 and 42 clearly 
showed that the second phases in these alloys were different. 
Thus, alloy 42 and alloy 34 are on either side of 1±Le A phase. 
A comparison of their compositions indicates that the A ph'vsc 
region is rather narrow. With increase in Be content., the 
A phase region was found to extend towards higher (Go, Be) 
side and at about 52 at, pet. Be it crossed the AB^ line. 

This composition wi n be useful in determining the crystal 
structure of the A phase. 




Pig, rv,7 Micros true t-ure of illoy 54 (200 Z) 

Photograpli shows two phases.^ Bright A pha^e and 
dark Y phase. Black spots are probably pits. 



Pig, IY,8 Miorostructure of illoy 42 (400 X) 

Photograph shows two phases^ A phase (dark 
matrix) and S phase (bright). 
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Alloys i7 and 25 were found to have tvjo phases in 
microstructure hut their x— ray diffraction patterns revoaied 
the presence of A, S and SE 2 C 0 Y type phases. It is possible 
that like in alloy 35 , the three phases are not revealed 
by the etching reagent used. On the basis of the x-ray diff- 
raction data these alloys are sho%m within a three phase 
trian^s dra^wn between A, S and 'KS.^Orj phases. 

The diffra.ction patterns of S and A phases are very 
similar to that of the RS 2 Co^Y pliase. For easy comparison, 
the diffraction patterns of A, S and RE 2 Co^ Y ph-ases are 
shown in Fig, IV, 9 in a modified manner. The diffraction 
peak positions are shown as vertical lines drawn at the app- 
ropriate 20 values, the height of the lines represents the 
relative intensities of various diffraction lines. The 
diffraction peaks of the A, S and IlB 2 Co^Y plisses in the low 
angle region of the diffraction pattern overlap considerahly 
and cause difficultj’- in identification of the three phases 
if present together. The diffraction peaks in the high 
angle region of the diffraction pattern are relatively widely 
spaced and for phase identification these peaks have be^ 
found valuable. 

Since the diffraction patterns of the A and S phases 
resemble that of the RE 2 ®Oi 7 phase, an attempt was made to 
index these diffraction patterns with the help of the IlB 2 Go^Y 
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structure. A characteristic feature of the 
structure (Fig, IV, lO) is that it can he thought in terms of 
stacking of blocks consisting of two atom layers, one with 
a layer of Go atoms only and the other, a mixed layer of RE 
and Co atoms. Hexagonal or rhomhohedral Rl^Go^,^ structure 
can he generated hy stacking those blocks after shifting-each 
block with respect to the other through a distance l/3 [1 lO] 
IV, ll). The sequence ab ah,,., generates the hexagonal 
®'t^'^oture and the sequence abC' generates 

the rhomhohedral HE 2 Gu^^ structure (Fig. IV. 12). One 
important feature of such layer structures is that the basal 
plane dimensions, i,e., the a parameters, do not change when 
the structure changes from hexagonal to rhomhohedral symmetry 
(eg. a parameter of a- and p-Ge^Co^^ are same (l5)), only 
the c parameter changes due to addition of one more block 
in the rhomhohedral structure. The diffraction patterns of 
the A and S phases being quite similar to that of the rhombo- 

hedral "tlis structures of the A and S pluses 

may be obtained through proper stacking of blocks, keeping in 
mind the stoichiometry of the phases. As a preliminary step 
towards determining the sjrructure of these phases, the 
diffraction patterns were tried to be indexed. Since many of 
the diffraction lines of the A and S phases match well with 
those of the structure, an estimate of the c and a 




FIG. U.IO. HEXAGONAL Th2Nii7 
STRUCTURE (62). 


FIG.nr. 11. SCHEMATIC REPRE - I 
SENTATION OF STACKING OF i 
BLOCKS IN Th2Zni7 STRUCTURj 
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FIG. I2'.12. SCHEMATIC REPRESENTATION 
OF Th2Zni7-TYPE AND Th2Nii7 - TYPE 
STRUCTURES (60). 
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paxameters was made using the hKL indices of these lines 
on the "ba-Sis of the rhomlDohedral RE^Co^Y structure. Since 
in the rhomhohedral RE2Co^y structure there are three blocks, 
height of each block can be calculated from the determined 
c parameter. Assuming that the S and A phases are multi- 
block stiuctures, the c/a values for structures having upto 
ei^t stacks of blocks were calculated. Indexing of the 
diffraction patterns of the ti'S'o phases was tried with a Bunn 
chart at these pre-determined c/a values. The most probable 
lattice was determined in ea,ch ca.se by comparing the observed 
d values with the d values calculated on the basis of indexing 
Eor the A and S phases, the indexed patterns are shown in 
Tables IY.3 and IV. 4. 

The diffraction pattern of the A phase (alloy 42) 
could be indexed on the basis of a hexagonal cell with lattice 
parameters, a = 8,495 A°, c = 22.665 A° and c/a = 2,668, 
corresponding to a. stacking of blocks. The indexed pattern 
of alloy 42 is shown in Table IV, 5. The diffraction pattern 
of the S phase (alloy 5l) could be indexed on the basis of a 
hexagonal cell with lattice parameters, a = 8.551 A°, 
c=l2,405 A° and c/a = 1.45, corresponding to a. stacking of 
5 blocks. The indexed pattern of alloy 5l is shown in 
Table IV, 4. ^be lattice parameter of the S phase is the same 
as the corresponding EBgOo^,^ phase. However, there are extra 
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TiiBLE IY.3 (contd.) 
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T/iBLE IV. 4 
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Ti3LB IY,4 (contd.) 
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diffraction lines in tiie o phase pa-ttem which indicate that 
the atomic ordering in this case is different than in the 
^'t^cture, No attempt was made to determine the 
complete- crystal structure of these phases. 

The diffraction pattern of p’lasc (alloy 12) 

has "been indexed on the basis of a hexagonal type 

structure with a = 4.974 c = 24.948 A° and c/a = 5.007. 

The indexed pattern of alloy 12 is shorn in Table IY.5. ill 
the diffraction lines, ho’wever, could not be indexed;^, there 
are abovit. five diffraction lines (weak and very wea.k lines) 
which could not bo indexed. These lines are not due to the 
other phase present in alloy 12 viz, the BTlCo^ phase. They 
may possibly be due to impurities like oxides. 

Since for all the phases no single phase alloy ^:a,s 
available, for determining lattice parameters of the A ar.d & 
phases as a function of Fe content, two phase alloys with the 
least amount of second phase were chosen. With the help of 
two high angle reflections of each phase, the lattice parame- 
ters of the two phases were calculated. The calculated lattice 
parameters of the A and S phase alloys are tabulated in 
Tables IV, 6(a) and (b) and are shown in Figs. IV, 13(a) and 
as a function of iron content of the alloys, ■ As shown 
in the figure, the lattice parameters of the A phase alloys 
are practically unaffected by the addition of Fe, In tho case 
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Ti^lE IV. 5 

Z-ray Diffraction Pattern of the - Type Phase (alloy - 12} 

(Hexagonal Ce 2 l^iY — t 3 rpe structure) 
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Ti-BLE IV. 5 (contd.) 
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MLE IV, 6 

Lattice Parameters of S and A phases in the ES-Oo-Pe System 
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of the S phase, both the a and c parameters are found to 
increase "with addition of 5*0 , As mentioned above, the 
S phase exrcends in a direotion a.lmost parallel to the 
line, fhus, the total En content in the S phase alloys remains 
almost the same and the added iron is, then expected to replace 
the cobalt atoms in the S pha,se structure. Since the atomic 
radius of iron is not much different from that of cobalt 
( CrN 12 atomic radii are being compared), the change in o 
and c parameters with replacement of Co by Pc is expected 
to be Small, Contrary to the expected behaviour the lattice 
parameter data of the 3 phase in Pig, IV, 15(b) indie a.te a, 
large variation in c and a, parameters with increase in Pe 
content^ the increase being more for c than for a. Similar 
observations ha.ve been reported for the IiB2( Co,Pe)^^ phases 
by Hay et al (59). fhesc authors explained tho abnormal c- 
axLs expansion in terms of the combined effects of increased 
magnetic ordering tenperatures of the RE^Pe^r^ phases conferred 
by the addition of Co and nega.tive exchange interactions between 
certain atoms., .in the structures. In the present case the 
S phase structure is not knoxm and whether a similar explanation 
for the change in lattice parameter of tho S phase is appli- 
cable or not is not known. In the case of the A phase, the 
added Pe is expected to replace partially the BE atoms because 
the RE content decreases >Jith increase in Pe content. Since 
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the atomic radius of Pe is sutstantially less than that of 
Eil it is expected that the A phase lattice should contract as 
J'e is added. It is possible, however, that Fe replaces 
RE in pairs as in the ^ 2^17 that case increase 

in c parameter is expected. Contrary to these expectations, 
the c and a parameters of the A phase remain unaffected on 
addition of Fe, In the absence of detailed structural 
investigations, it is difficult to explain the lattice para- 
meter variations of the S and A phases. 

IV, 2 Easy Axis of Magnetization: 

In the present investigation, the easy axis of magnetiz- 
ation was determined by using a magnetically aligned 
needle of powder matei*ial and a Weissenberg. camera. In 
taking a powder pattern with the needle formed from alloy 51 
powder it was found that a good pattern, showing the streaks 

corresponding to preferred orientations caused by magnetic 
alignment of powder particles, could be obtained when the powder 
was etched with Rital to remove the disturbed surface layers, 

A similar observation has been reported for the Sm 2 ( CojFe)^^.^ 
alloys by Sergeyev et al. (6l). These authors could improve 
the coercivity of the Sm 2 ( Go,Fe)^r^ alloy powder by removing the 
disturbed layers from the particle surfaces by etching the 
powder with citric acid. The easy axis of magnetization 
for the etched powder of alloy 51 was found to be along the 
c-axis. For the other S phase alloys the easy axis has not 
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teen determined. In the literature it has "been mentioned that 
the addition of about 10 percent iron to the MM2Co^r^ phase 
changes the easy magnetization axis from basal plane to 
c-axis (Pig, 1,9) and this c-axis meignetic symmetry is 
maintained upto about 50 percent Pe (27). fhe earlier investi- 
gators, however, are not clear in stating the exact compositions 
of the alloys chosen. It appears from their report that the 
alloys used were along the -^2^17 1^^®* this is the case, 

it is possible that these authors failed to distinguish between 
the ■^2 ®i 7 ^ phases, Ihe S phase region is very close 

to and is almost parallel to the line. It extends from 

somewhere around 20 at, pet, Pe to about 50 at, pet, Pe which 
closely agrees with the composition range in which the c-axis 
magnetic symmetry has been observed in the MW-Oo-Pe phase. 

Thus, it appears that the magnetic symmetry change is not 
because of Pe addition in -^2^17 formation 

of a new phase. If this is true, then the EE2( Go,Pe)^,^ phase, 
which appears to have deviated to the higher (Co,Pe) side, 
should continue to show basal plane magnetic symmetry between 
the RE^Go^rj and RB2Pe^^ coii5)ositions, 

IV, 5 Gurie Temperature: 

Induction method was adopted for determining the Curie 
temperatures (T^) of the RB-Co— Pe alloys. In the initial 
runs when the sample was kept inside the furnace from the 
beginning (i.e. during heating up of the furnace) variation 
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in Cimno teiaperature was .''bsorTed wiien the sane specimen iras 
cycled seworai times throu.^ the Curie temperature* This 
rndicB-ted that the materj.al wa^s undergoing some transf ormaticn 
To reduce the extent of transformation, the na,terial was kept 


at the high temperatures for the minimum time possible. To 
anho.cve this, the furnace w-as first heated upto 900^0 (or 
950^0) , the temperature at which the alloys were initiallj' 


conncaied, and then the specimen was lowered into the furnac ^ 
to heat it upto 900°C or On reaching the temperature 

tho specimen was drawn, into the induction coil and allowed 
cool. Several' traces obtained with the rd.lcys containing 
different phases are sho'-n in rigs. I'V,i4 to r\r.i7. As shown 
in the figures, tho Rri20o./5, A end S phase alj.oys registered 
clear increase in induced voltages at the O.iii-o temperatures. 
But, in the case of the BiEpOO:^ alloys largo fluctuations 
in the induced voltage were observed. In the case of alloy yO 
a three phase ( RE-Cory+REGo ±S) alloy, two peaks in the 
induced voltage vs temperature traces were observed as shown 
in Eig. IY.l6. The two temperatures correspond to the S and 
RECo^ phases. The change in Induced voltage due to Curio 
temperature of the RE 20 ocy phase could not be seen. clea,rly^ 
a small break in the trace at about 7l5°C (the approxinato 
Curie temperature of tie XLB 2 C 0 Y phase) was, however, observed*. 
This is possibly because of the presence of only small oiaour.- 
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of BS^Oorj phase in 0110 ;^- 50. In general, a snail driff wii 

ohserved when the sane spccinen was used repeatedly for Curio 

temperature determination.. Hence, the I value obtained in 

o 

the first or the second nm was considered to be a,ccurate. 

The Curie temperatures of ciiffcrent alloys are tabulated in 

I.ible IV, 7 and the values are plotted as a function of 

Fe content of the alloys in Fig, IV, 18. As shown in the fignre, 

the Curie temperatures of various phases a.ppear to vary 

smoothly "i^ith Fe content. Among the various alloys investigated, 

the Curie temperatures of the A phase alloys are the lowest 

and those of the S phase alloys are the hipest. For the 

S phase the Curie temperature appears to increase initially 

(upto about 25 at. pct.Fe) but with further additions of Fo, 

I decreases. In the case of the A phase, the Curie tempera- ■ 
c 

ture decreases with increase in Fe, the decrease being less 
narked initially. For the phase the Curie temperature 

increases with increase in Fe, For the binary RE-Go alloys 
the addition of Fe is reported to decrease the Curie tempera- 
ture (see Fig, 1,8), But, as shown in Fig, IV, 18, the Curio 
temperatures remain attractively high even after substantial 
amounts of Fe addition in the S phase. 

From the data on the Curie temperatures and the easy 
axi^ of magnetization of the BE-Co-Fe alloys, it appears that 
the S phase offers the maximum potential for the development 
of permanent magnets. If the prediction that ihe EE 2 (Co,Fe)^,^ 
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table IY.7 

Curie Tonpcratures of RE-Go-Ee Alloys 


* I 

SoriaL -f Alloy Ho, j Major Phase 


lintended Oonpo- 
{sition at. per 
’cent Ee 


Curie Tenpera- 
turc of the 

najor phase 

og 


1 

12 

EE 2^°7 

15 

718.0 

2 

14 

RE 2 G 07 

20 

722.5 

3 

52 

EE^Go^ 

30 

732.0 

4 

30 

S-phasc 

20 

825.0 

5 

48 

S-phas 0 

25 

835.0 

6 

51 

S-phase 

35 

800.0 

7 

51 

S-phase 

50 

700.0 

8 

42 

A-phase 

40 

568.0 

9 

35 

A-phase 

46.5 

552.0 

10 

34 

A-phase 

50 

513.0 
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phase reported in literature (32) actually corresponds to 
the S phase is true, then very high magnetization values are 
also expected for the S phase. Even otherwise, since the 
addition of Ee is reported to increase the saturation magne- 
tization (30), it is expected that the S phase will have 
higher saturation magnetization values compared to the binary 
RECoc alloys. Thus, the S phase is expected to have better 
magnetic properties compared to the EEGo^ type and IiE 20 o^^ 
type phases. Also, it offers higher economic advantages 
compared to the EECo^ and EE 2 Co^^ compounds because it tahes 
more of iron than the EECo^ type compounds and more of misch- 
metal than the type compounds. 


IV, 4 Thermal Analysis; 

Thermal analysis was tried with alloyB which were 
not from the group of alloys investigated. The reason for 
this was that (1) due to the material used in the construotion 
of thermal analysis apparatus, it oould he used only upto 
1400°0 and (2) the ^proximate range of melting points of the 
Investigated high Je alloys could not he guessed. Hence, 
for first trial tuns the alloys Investigated in the present 
work were not suitable. Because of these reasons, two SLloys 

With the lowest He content possible, 15.25 at. pot. SB. 

n o Qc pt net. Fe and l6.42 at. pet. BB, 
83.8 at. pet. Co and 2.95 at. pc-c. 

79:92 at. pot. 00 and 5.66 at. pot. Be (57) were made use of. 
The usual melting points of BH-Co alloys between EBao 5 and 



phases are in the of 1200°0 to 1350°C, flic 

MM-Go al3.oys of similar co:ipo si -cions (hut ‘with no Re) ere 
also oc-rpected to shor sir-'le-r transformation terxpera.'buros, 
Henco, ’'fith 2 to 4 percort Re add5.tion (as is present in the 
chosen alloys) the meltini, points are not expected to he 'coo 
far off from the hinary cres-, She first thermal analysis run 
was made with the 2,95 at, pet. Re alloy containing RSGo^ 
and REpGo^Y phases. In this trial run the thermocouple 
shoa,th was kept outside tl'.e alloy charge while the furnace 
was being heated. VJhen the furnace temperature reached 1350^ G 
the thermocouple along v-m' -rh the sheath waS tried to he 
pushed into the melt, fhis was^ however, not possible. 

Ea-ising the furnace temperature to 1400^0 also did not make 
it possible to insert th-:. thermocouple into the melt. On 
cooling the furnace the alloy charge in the crucible was 
found to have melted because the granular material charged 
had become a, solid mass shomng that melting had occured. 

The possible reason why the thermocouple could not be inser- 
ted in^ihe m^tod mass is the presence of large amount of 
solid phase ha.ving melting point hi^er than l400°C. 

Molten part of the alloy is possibly the HECo^ phase of lower 
melting point. Even thou^ thermal analysis was not possible 
with BBrrOo-Re alloy one important observation made was that 

no reaction of the melt occured with the crucible even though 



the crucible was in contact with the hot alloy for nore thar. 
three hours and with tho nolten alloy for nore than l/2 hr. 

A second trial run was made with a high RE alloy having orui 

the EBCo^ phase. Since no reaction between the material, 

changed and the alumina crucible was visible in tho previous 
trial, in the second trial run the thermocouple along with 
the alumina sheath was inserted in tho charge from the very 
beginning. The furnace was heated upto about 1250°G but at 
this point the furnace failed and the thermal analysis could 
not be carried out. On opening the thermal analysis apparatu 
it was found that a part of the furnace assembly had burnt 
out , (Che paiJErial ■ charged was .again ■ found in the form of a 
solid mass. There was no reaction between tho melt and the 
crucible or the thermocouple sheath, Ho further work could 
be carried out with this apparatus. 

Even though tho thermal analysis work could not 
be carried out with the present set up tho trial runs 
indicated that (l) tho crucibles fabricated were suitable 
for melting as well as carrying out thermal analysis work 

of tho RB-Oo-Ee alloys, ( 2 ) the RE^Oo^^ phase having about 

3 at. pet. Ee had considerably hi^er melting point than tho 
binary REgOo^^^ phases and ( 3 ) the melting point of RE(Go,Fo)^ 
alloy containing about 4 at, pet. Ee had a melting point 
below 1250°G, The furnace assembly in the thermal analysis 
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apparatus worked quite won at lOOO°G and oven at 1400°0 
during caiitration and tie first trial run. The tenperature 
coiTurol and control of h venting and cooling rates was quite 
Satisfactory for carrying out themal analysis with snail 
anount of riateriai. 

The failure of the furnace in tho second trial run. 

is not clearly understood, kad.luro nay he caused hy ozida— 

. . ■ to 

tion of Mo w.^.ro and the o.zido reacting with alunina^auso 

fusing of the refractory nass, PurLfiod argon gas was used 

for protecting tho furna.cG elenont. A leak in Ihe gas 

purific£vtion syston and supply line is a possibility. Since 

no ahnomality was found in tho gas flow, +:he chanco of a. 

large leai?: is renote,- Moreover, oxidation does not appear tc 

bo the real cause because the charge was SE aXLoy and B3 

elonents boing very reactive are expected to act as a getter 

thereby saving Mo fron oxidation. The Mo wire in the sound 

pox'tion of the furnace acsenbly also did not show any evidence 
of oxidation. Sinilarly, the RE-Oo-Pe alloy charge was found 
to bo clean and free fron any oxide layer. Because of these 
observations, it appears that tho failure of the furnace was 
possibly not due to oxidation. The only other possibility is 
the local excessive heating giving hi^er tenperature at 
certain portion of the crucible and thereby nelting tho 
refractory cenent used for holding the Mo winding on the 


forner. 



6 easy azj.s c/I nagnetization of fho S phase 
along the o-axis, 

7) She S phaSGj anong ithe three phases found in ' 
investigation, appear to offer the nazinun potential, for 
deveiopnent of pernanoiit nagnets. The S x’hase alloys ha 
high Ourie tenperaturos. She S phase also eshihits the 
desirable easy c-axis nagnetic symotry. 

8) The thernal analysis apparatus designed can t 
used, after naking sna.ll changes, for deternJ.ning the no: 
points of alloys using snail anounts of nateria,is., 



SD"GaBSTIONS 


Basing on tliG results obtained in the proscnx 
investigation, the following suggestions can do nade for fo'’:”:'. 
studies in this fields 

1) The exact conposition of MM ceji he dotorr:ln^d 
in order to esttiblish the correct conposition ranges of 
different SE-Go-Bc phases existing in the isothemal section 
at 900°C. 

2) Detailed st?ouctura.l investigations of the L rxc. 

S phases can he carried coot in order to explain the lattice 
paraneter variations observed in these phrases as a, function 
of Be content. 

3) The easy axes of na,gnetization of the S phaso 
alloys can be deternined as a function of Be content to 
ensure that the c— axis nagnetic synnetry is naintained thrcu^glv 
out the S phase region. 

4) - Even though the themal anaijysis apparattis vo. 
to bedDle to detemine the nelting points of the BB-Go-Be 
alloys, a DTA apparatus is expected to give a nore sensitm^c 
detection of nelting points using still snaller anounts ox 
charge. Since the present TA apparatus can be converted er>sa„. 
to a DTA apparatus, such a conversion seens to be worthwhalo. 

5) The prinary nagnetic properties (Mg and 

the BE-Oo-Be alloys, particularly the S phase alloys, can he 



ov 


deternincd in order to 


GC^-ablish the optirron conpositicn for 


developing the pernenent .-.agnets. 

6) Since the S phase appears 
can he directed at the ithrication of 


to he prt^nisingj cfior 
nagnets fron the S pha--’ 


alloys .. 
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T oltr.go-Gm*ro 2 "t-a?ci :pc;rr.tir'p ChriTctcri.-.'ticr 

Ftiro'.p.cj 


o:? w^c I5c— x.'c;u.:if 


3.0 C--'. 2c; ,pGra''--"rc' Fier5i'..t.?;',cc 3,0 GFriu, 


Volta,-:: 

volts 


Cu.-?ror.t 

BISPOS, 


! 2.:: 'pGr" tu: 

{ OC 

- 4 * 1 


5 

1*6 

150 

10 

2.15 

280 

15 

2.65 

410 

20 

5.15 

535 

25 

3*6 

640 

50 

3*9 

735 

55 

4.2 

3i5 

40 

4.45 

890 

45 

4.7 

960 

50 

4.85 

1035 

55 

5.1 

HOG 

60 

5.3 

1150 

65 

5.5 

1200 

70 

5.7 

1245 

75 

5.85 

1285 

80 

6*0 

1330 

85 

6.15 

1370 
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